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Silicon Systems' Santa Cruz facility, 
site of six-inch wafer fabrication line. 



Silicon Systems specializes in the design and manufacture of application-specific, mixed-signal integrated 
circuits (MSICs®). If offers a sophisticated line of custom and standard ICs aimed primarily at the storage, 
communications and automotive products marketplace. 

The company, which is headquartered in California, 30 miles south of Los Angeles, was founded in 1972 as 
a design center. It soon entered into manufacturing and today has two fabrication sites in California and 
approximately 2,000 employees worldwide. Additional operations include assembly and test facilities in 
California and Singapore and design engineering centers in California as well as in Tokyo and Singapore. 

Reliability and quality are built into Silicon Systems' products through the use of statistical problem solving 
techniques, analytical controls, and other quantitative methods. The company is committed to the goal of 
customer satisfaction through the on-time delivery of defect-free products that meet or exceed the 
customer's expectations and requirements. This statement reflects the corporate quality mission and 
contains key elements instrumental in attaining true customer satisfaction. Listed in the back of this 
publication is a worldwide network of sales representatives and distributors ready to serve you. 




© Copyright 1 992 Silicon Systems, Inc. All rights reserved. Product and company names listed are trademarks of their 
respective companies. 
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Target, Advanced and 
Preliminary Information 

In this data book the following conventions 
are used in designating a data sheet 
"Target," "Advanced" or "Preliminary": 

Target Specification- 

The target specification is intended as an 
initial disclosure of specification goals for 
the product. Product is in first stages of 
design cycle. 

Advance Information- 
Indicates a product still in the design cycle, 
undergoing testing processes, and any 
specifications are based on design goals 
only. Do not use for final design. 

Preliminary Data- 
Indicates a product not completely re- 
leased to production. The specifications 
are based on preliminary evaluations and 
are not guaranteed. Small quantities are 
available, and Silicon Systems should be 
consulted for current information. 



Section 



Section 



Section 



Section 



Section 



Section 



Section 



Section 



Section 



Section 



Section 



Section 



Section 



Section 



HDD READ/WRITE 
AMPLIFIERS 

HDD PULSE 
DETECTION 

PROGRAMMABLE 
ELECTRONIC FILTERS 

HDD DATA 
RECOVERY 

READ CHANNEL 
COMBINATION DEVICES 

HDD HEAD 
POSITIONING 

HDD SPINDLE 
MOTOR CONTROL 

HDD CONTROLLER/ 
INTERFACE 

FLOPPY DISK 
DRIVE CIRCUITS 

CUSTOM SOLUTIONS 

RELIABILITY & 
QUALITY ASSURANCE 

PACKAGING/ORDERING 
INFORMATION 

SALES OFFICES/ 
DISTRIBUTORS 

APPLICATION NOTES 



DISCLAIMER 



All products listed herein and subsequently sold by Silicon Systems, Inc. are covered by the warranty, limitation 
of liability and patent indemnification provisions reflected in the Silicon Systems Order Acknowledgement Form 
only. Silicon Systems, Inc. makes no warranty, express or implied, statutory or by description regarding the 
information set forth herein and/or freedom from patent infringement. Silicon Systems, Inc. reserves the right to 
discontinue production, change specifications and prices at any time and without notice. 

Applications requiring mechanical and electrical parameters outside of the published specifications are not 
recommended without additional review and acceptance by Silicon Systems, Inc. Silicon Systems, Inc. further 
assumes no responsibility for the use of any integrated circuit technology other than integrated circuit technology 
embodied in a Silicon Systems, Inc. product. These products are not authorized for use as components in life 
support devices or systems. No patents or licenses regarding the integrated circuit technology herein are implied 
unless otherwise stated. 
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Table of Contents I 

Disclaimer II 

Discontinued Parts List VI 

Product Index Ill 

Numerical Product Index VI 

Product Selector Guide VII 

MEW Winchester Disk Drive Product Family Chart X 

Section 1 . HDD READ/WRITE AMPLIFIERS 

32R1 04C 4-Channel Read/Write Device * 

32R1 1 7/1 1 7R 2-, 4-, 6-Channel Read/Write Device * 

32R501 /501 R 4-, 6-, 8-Channel Read/Write Device * 

32R51 OA/51 OAR 2-, 4-, 6-Channel Read/Write Device * 

32R51 1/511 R 4-, 6-, 8-Channel, Ferrite Read/Write Device * 

32R51 2/51 2R 8-, 9-Channel, Thin Film Read/Write Device 1 -1 

32R51 21 /51 21 R 1 4-Channel, Thin Film Read/Write Device 1 -1 1 

32R51 6/51 6R 4-, 6-, 8-Channel, Ferrite/M IG Read/Write Device 1-19 

32R51 61 R 1 0-Channel, Ferrite/ MIG Read/Write Device 1 -31 

32R520/520R 4-Channel, Thin Film Read/Write Device * 

32R521 /521 R/521 1 6-Channel, Thin Film Read/Write Device * 

32R522/522R 4-, 6-Channel, Thin Film Read/Write Device * 

32R524R 8-Channel, Thin Film Read/Write Device * 

32R525R 4-Channel, Thin Film Read/Write Device * 

32R527R 8-, 9-Channel, Thin Film Read/Write Device * 

32R528R 9-Channel, Thin Film Read/Write Device 1 -41 

32R5281 R 1 4-Channel, 2-Terminal Read/Write Device 1 -49 

32R1 200/1 201 5V, 2-, 4-Channel, 3-Terminal Read/Write Device 1 -57 

MEW 32R1 203R 5V, 2-, 4-Channel, 3-Terminal Read/Write Device 1 -67 

32R1 220/1 221/1 222 5V, 2-,4-Channel, Ferrite/MIG R/W Device 1-77 

MEW 32R1510R MR Head Read/Write Device 1-87 

32R201 OR 1 0-, 1 6-Channel, Thin Film Read/Write Device 1-97 

32R201 5R 1 6-Channel, Thin Film Read/Write Device 1 -1 05 

32R2020R/2021 R 5V, 2-, 4-, 1 0- Channel Read/Write Device 1-113 

MEW 32R2024R 5V, 4-Channel, Thin Film Read/Write Device 1-121 

MEW 32R2028R 5V, 10-Channel, Thin Film Read/Write Device 1-129 

32R2030A/2031 A 5V, 2-, 4-Channel, Thin Film Read/Write Device 1 -1 37 

MEW 32R2040 1 4-Channel, 2-Terminal Read/Write Device 1 -1 47 

MEW 32R2060 5V, 8-Channel, Thin Film Read/Write Device 1 -1 55 

MEW 32R2063/2064/ 5V, 4-Channel, Thin Film Read/Write Device 1 -1 65 

2065 

MEW 32R2100R 10-Channel, 2-Terminal, Thin Film Read/Write Device 1-167 

MEW 32R2200R/2201 R 5V, 4-Channel, Thin Film Read/Write Device 1 -1 69 

MEW 32R2300/2300R/ 3.3V/5.0V, 2-, 4-Channel, 2-Terminal Read/Write Device 1 -1 71 

2301/2301R 

MEW 32R231 0/231 OR 3.3V/5.0V, 2-, 4-Channel, 2-Terminal Read/Write Device 1 -1 79 

32R461 OA/4611 N 5V, 2-, 4-, 8-Channel, Thin Film Read/Write Device 1-181 

461 0B 

Section 2. HDD PULSE DETECTION 

32P540 Series Read Data Processor * 

32P541 Read Data Processor * 

32P541 B Read Data Processor 2-1 

32P544 Read Data Processor and Servo Demodulator 2-1 5 

32P547 High Performance Pulse Detector 2-37 

32P549 Pulse Detector * 

32P5491 Pulse Detector 2-55 

32P3000 Pulse Detector with Programmable Filter 2-67 

MEW 32P3001 Pulse Detector with Programmable Filter 2-79 



* Data Sheet available upon request. 
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HDD PULSE DETECTION (continued) 

32P301 1 Pulse Detector with Programmable Filter 2-91 

32P3013 Pulse Detector with Programmable Filter 2-105 

32P301 5 Pulse Detector with Programmable Filter .2-1 1 7 

32P3030 Pulse Detector and Servo Demodulator 2-131 

32P3040 Pulse Detector with Programmable Filter 2-147 

PROGRAMMABLE ELECTRONIC FILTERS 

32F8001/8002 Low-Power Programmable Electronic Filter 3-1 

32F801 1/8012 Programmable Electronic Filter 3-13 

32F8020/8022 Programmable Electronic Filter * 

32F8020A/8022A/ Low-Power Programmable Electronic Filter 3-25 

8021/8023 

32F8030 Programmable Electronic Filter 3-37 

32F81 01/81 02/ Low-Power Programmble Electronic Filter 3-47 

8103/8104 

32F81 20 Low-Power Programmable Electronic Filter 3-55 

32F81 30/81 31 Low-Power Programmable Electronic Filter 3-61 

HDD DATA RECOVERY 

32D5321 Data Synchronizer/2, 7 RLL ENDEC * 

32D5322 Data Synchronizer, 2, 7 RLL ENDEC * 

32D534A Data Synchronizer/MFM ENDEC * 

32D535 Data Synchronizer, 2, 7 RLL ENDEC/Write Precompensation * 

32D5351 A Data Synchronizer, 2, 7 RLL ENDEC/Write Precompensation * 

32D5362A Data Synchronizer, 1 , 7 RLL ENDEC/Write Precompensation * 

32D537 1/72/73/74 Data Synchronizer, 1 , 7 RLL ENDEC /Write Precompensation 4-1 

32D539 Data Synchronizer, 1 , 7 RLL ENDEC, 8-Bit NR2 4-19 

32D5391 Data Synchronizer, 1 , 7 ENDEC, Serial NRZ 4-39 

32D5392 Data Synchronizer, 1 , 7 ENDEC, Dual-Bit NRZ 4-45 

32D5393 Data Synchronizer, 1 , 7 ENDEC, Window Shift, Write Precomp 4-65 

32D4040 Data Synchronizer, 1 , 7 ENDEC, Window Shift, Write Precomp 4-85 

32D4660 Time Base Generator * 

32D4661/4662 Time Base Generator 4-105 

32D4664 Time Base Generator 4-119 

32D4665 Time Base Generator 4-129 

32D4666 Time Base Generator 4-1 39 

Data Synchronizer Family Applications Note See Section 14 

READ CHANNEL COMBINATION DEVICES 

Read Channel Combo Selector Guide 5-0 

32P548 Pulse Detector and Data Synchronizer Combination Device * 

32P5482 Low Power Pulse Detector and Data Synchronizer * 

32P4622 Pulse Detector and Data Separator Combination Device * 

32P4720/4721 Pulse Detector and Data Separator Combination Device * 

32P4731/4741 Read Channel with 1 ,7 ENDEC, 4-burst Servo 5-1 

HDD HEAD POSITIONING 

32H1 01 Differential Amplifier * 

32H1 1 6A Differential Amplifier * 

32H523AR Servo Read/Write, Thin Film * 

32H566R Servo Read/Write, Ferrite * 

32H569 Servo Motor Driver 6-1 

32H4633 Hybrid Servo & Spindle Motor Controller 6-17 

32H61 1 Differential Amplifier 6-59 

32H621 Servo Demodulator 6-63 

32H621 5 Servo Demodulator 6-79 

32H6220 Servo Controller * 

32H6230 Servo Motor Driver 6-87 

32H6240 Servo Motor Driver 6-101 

32H651 5 V Servo Motor Driver 6-111 



* Data Sheet available upon request. 
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32H6520 Embedded Servo Controller 6-117 

32H681 0/681 OA 5V Servo & Motor Speed Drivers 6-137 

Servo Applications Note See Section 1 4 

MEW 32H681 1 Servo Motor Speed 5V Driver/D AC 6-1 49 

MEW 32H6830 Servo DSP 6-1 63 

Section 7. HDD SPINDLE MOTOR CONTROL 

32M593A Three-Phase Delta 5-1/4" Winchester Motor Speed Controller * 

32M594 Three-Phase Delta Motor Speed Controller * 

32M595 Hall Sensorless Motor Speed Controller * 

32M701 Hall Sensorless Motor Speed Driver/Controller 7-1 

32M701 1 Hall Sensorless Motor Speed Driver/Controller 7-9 

Section 8. HDD CONTROLLER/INTERFACE 

32C9001 PC/AT Combo Controller, 48 Mbit/s 8-1 

32C9020 SCSI Combo Controller, 48 Mbit/s, Single-Bit NRZ Interface 8-27 

32C9022 SCSI Combo Controller, 48 Mbit/s, Dual-Bit NRZ 8-51 

MEW 32C9023 SCSI Combo Controller, 72 Mbit/s; Dual-Bit NRZ Interface 8-77 

32C9301 PC/AT Combo Controller with Reed Solomon, 3V Operation 8-1 03 

MEW 32C9302 PC/AT Combo Controller with Reed Solomon, 3V Operation 8-1 27 

MEW 32C9340 PCMCIA Combo Controller with Reed Solomon, 32/48 Mbit/s 8-151 

MEW 32C9342 PCMCIA Combo Controller with Reed Solomon, 48 Mbit/s 8-1 61 

Section 9. FLOPPY DISK DRIVE CIRCUITS 

34D441 Data Synchronizer & Write Precompensation Device * 

34P553/5531 Pulse Detector and Synchronizer 9-1 

34B580 Port Expander Floppy Disk Drive * 

MEW 34P3200 Pulse Detector & Data Synchronizer for High Density Floppy Storage 9-25 

Section 10. CUSTOM SOLUTIONS 10-1 

Section 1 1 . QUALITY ASSURANCE AND RELIABILITY 11-1 

Section 12. PACKAGING/ORDERING INFORMATION 

Package Index 12-0 

Ordering Information 12-1 

Plastic DIP 8, 14, 16 and 18 Pins 12-2 

Plastic DIP 20, 22, 24 and 24S Pins 12-3 

Plastic DIP 28, 32 and 40 Pins 1 2-4 

Cerdip 8, 1 4, 1 6 and 1 8 Pins 12-5 

Cerdip 22, 24 and 28 Pins 12-6 

Quad (PLCC) 20 and 28 Leads 12-7 

Quad (PLCC) 32 and 44 Leads 12-8 

Quad (PLCC) 52 and 68 Leads 1 2-9 

Quad Flatpack (QFP) 52, 100 Leads 12-10 

NEW Quad Flatpack (QFP) 1 28 Leads 1 2-1 1 

Thin Quad Flatpack (TQFP) 32, 48 Leads 12-12 

Thin Quad Flatpack (TQFP) 64 Leads 12-13 

NEW Thin Quad Flatpack (TQFP) 1 00 Leads 12-14 

NEW Thin Quad Flatpack (TQFP) 1 20 Leads 1 2-1 5 

NEW Very Thin Quad Flatpack (VTQFP) 48 and 64 Leads 1 2-1 6 

NEW Very Thin Quad Flatpack (VTQFP) 1 00 Leads 12-17 

NEW Very Thin Quad Flatpack (VTQFP) 1 20 Leads 1 2-18 

SON 8, 1 4 and 1 6 Leads 12-19 

SOL 1 6, 1 8, 20, 24 and 28 Leads 1 2-20 

SOL 34 Leads 12-21 

SOW 32 Leads 12-21 

SOM 36 Leads 12-21 

SOM 44 Leads 12-22 

VSOP 20, 24 Leads 12-22 

NEW VTSOP 20 Leads 1 2-22 

NEW Small Form Factor Package Selector Guide 1 2-24 

Section 13. SALES OFFICES/DISTRIBUTORS 13-0 

Section 14. APPLICATIONS NOTES (See Index on page 14-0) 14-1 
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Numerical Index 



SSI Device Numbers Page # 



32C9001 8-1 . 

32C9020 8-27 

32C9022.... 8-51 

32C9023 8-77- 

32C9301 8-103 

32C9302 8-127 

32C9340 8-151 

32C9342 8-161 

32D5321 * 

32D5322 * 

32D534A * 

32D535 * 

32D5351A * 

32D5362A * 

32D5371/5372/5373/5374 4-1 

32D539 4-19 

32D5391 4-39 

32D5392 . 4-45 

32D5393 4-65 

32D4040 4-85 

32D4660 * 

32D466 1/4622 4-105 

32D4664 ....4-119 

32D4665 4-129 

32D4666 4-139 

32F8001/8002 3-1 

32F8011/8012 3-13 

32F8020/8022 * 

32F8020A/8022A/8021/8023 3-25 

32F8030 3-37 

32F8101/8102/8103/8104 3-47 

32F8120 3-53 

32F8130/8131 3-61 

32H101 * 

32H116A * 

32H523AR * 

32H566R * 

32H569 6-1 



* Data Sheet available upon request 
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32H4633 6-17 

32H6110 6-59 

32H6210 6-63 

32H6215 6-79 

32H6220 * 

32H6230 6-87 

32H6240 6-101 

32H6510 6-111 

32H6520 .....6-117 

32H681 0/681 OA 6-137 

32H6811 6-149 

32H6830 6-163 

32M593A * 

32M594 * 

32M595 * 

32M7010 7-1 

32M7011 7-9 

32P540 * 

32P541 * 

32P541B 2-1 

32P544 2-15 

32P547 2-37 

32P548 * 

32P5482 * 

32P549 * 

32P5491 2-55 

32P3000 2-67 

32P3001 2-79 

32P3011 2-91 

32P3013 2-105 

32P3015 2-117 

32P3030 2-131 

32P3040 2-147 

32P4720/4721 * 

32P4731/4741 5-1 

32R104C * 

32R117/117R * 

32R501/501R * 
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32R510A/510AR * 

32R511/511R * 

32R512/512R 1-1 

32R5121/5121R 1-11 

32R516/516R 1-19 

32R5161R 1-31 

32R520/520R * 

32R521/521R/5211 * 

32R522/522R * 

32R524R * 

32R525R * 

32R527R * 

32R528/528R 1-41 

32R5281R 1-49 

32R1 200/1 201 1-57 

32R1203 1-67 

32R1 220/1 221/1 222 1-77 

32R1510 1-87 

32R2010R.... 1-97 

32R2015R 1-105 

32R2020R/2021 R 1-113 

32R2024 1-121 

32R2028R 1-129 

32R2030A/2031A 1-137 

32R2040 1-147 

32R2060 1-155 

32R2063/2064/2065 1-165 

32R2100R 1-167 

32R2200/2201R 1-169 

32R2300/2300R/2301/2301R 1-171 

32R231 0/231 OR 1-179 

32R461 OA/46 11 A/461 OB 1-181 

34B580 * 

34D441 * 

34P553/5531 9-1 

34P3200 9-25 



Discontinued Parts List 

The following parts are no longer supplied or supported by Silicon Systems. Please note alternate sources. 



Part# 


Alternate Source 


Part# 


Alternate Source 


SSI 32C260 


Cirrus SH 260 


SSI 32H4631/4632 


None 


SSI 32C261 


None 


SSI 32P3010 


None 


SSI 32C263 


None 


SSI 32P4730 


None 


SSI 32C4650 


Cirrus SH 266 


SSI 32P4620/4622 


SSI 32P4720/4721 


SSI 32C4651 


Adaptec AIC 300 


SSI 32P541 1 B 


None 


SSI 32C9000 


None 


SSI 32P546 


None 


SSI 32C9010 


None 


SSI 32P5481 


None 


SSI 32C4010 


None 


SSI 32P5482 


None 


SSI 32D4420 


None 


SSI 34R575 


None 


SSI 32F8000 


SSI 32F8001 
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STORAGE PRODUCTS REFERENCE 



Device Number 


Head Type 


Number of 
Channels 


Max Input 

Noise 
{nV/ Hz) 


Max Input 
Capacitance 

m 


Read 
Gain 

i*yp\ 


Write Current 
Range 
1mA) 


Power- 
Supplies 

m 


Write 
Data Paris 


Mm. Head 
Swing 
00 


HDD READ/WRITE AMPLIFIERS 


SSI 32R117/117R 


3 Terminal 


2, 4,6 


2.1 


20 


100 


10 to 50 


+5, +12 


TTL 


8.0 (0-pk) 


SSI 32R501 /501 R 


3 Terminal 


4, 6,8 


1.5 


23 


100 


10 to 50 


+5, +12 


TTL 


7.5 (0-pk) 


SSI 32R51 OA/51 OAR 


3 Terminal 


2, 4,6 


1.5 


20 


100 


10 to 40 


+5, +12 


TTL 


7.0 (0-pk) 


SSI 32R51 1/51 1R 


3 Terminal 


4, 6,8 


1.5 


20 


100 


10 to 40 


+5, +12 


TTL 


7.0 (0-pk) 


SSI 32R516 


3 Terminal 


4, 6,8 


1.3 


18 


120 


10 to 60 


+5, +12 


TTL 


7.0 (0-pk) 


SSI 32R5161R 


3 Terminal 


10 


1.3 


18 


150 


10 to 60 


+5, +12 


TTL 


7.0 (0-pk) 


SSI 32R1 200/1 201 


3 Terminal 


2,4 


1.2 


17 


200 


15 to 50 


+5 


TTL 


6.0 (0-pk) 


SSI 32R1 220/21/22 


3 Terminal 


2,4 


0.8 


17 


250 


15 to 40 


+5 


TTL 


6.0 (0-pk) 


SSI 32R512/512R 


2 Terminal 


8, 9 


0.85 


35 


150 


10 to 40 


+5, +12 


TTL 


7.0 (pk-pk) 


SSI 32R51 21/51 21 R 


2 Terminal 


14 


0.85 


35 


250 


10 to 40 


+5, +12 


TTL 


7.0(pk-pk) 


SSI 32R521/521R 


2 Terminal 


6 


0.9 


65 


150 


20 to 70 


+5, +12 


TTL 


3.4 (pk-pk) 


SSI 32R521 1 


2 Terminal 


6 


0.9 


65 


250 


20 to 70 


+5, +12 


TTL 


3.4 (pk-pk) 


SSI 32R522 


2 Terminal 


4,6 


1.0 


32 


100 


6 to 35 


+5, +12 


TTL 


3.4 (pk-pk) 


SSI 32R524R 


2 Terminal 


8 


0.75 


60 


100 


20 to 60 


+5, +12 


TTL 


7.0 (pk-pk) 


Ool OZKOZOK 


2 Terminal 


4 


0.8 


35 


150 


25 to 40 


+5,-5 


Differential / Differential 


3.8 (pk-pk) 


SSI 32R528R 


2 Terminal 


8,9 


0.85 


35 


150 


10 to 40 


+5, +12 


Differential 


7.0 (pk-pk) 


SSI 32R5281 


2 Terminal 


14 


0.85 


35 


250 


10 to 40 


+5, +12 


Differential 


7.0 (pk-pk) 


SSI 32R1510R 


MR 


8 


0.95 


18 


150 


20 to 50 


+5, +12 


Differential 


8.0 (pk-pk) 


SSI 32R2010R 


2 Terminal 


10, 16 


0.84 


26 


150 


10 to 25 


+5, +12 


Differential 


7.0 (pk-pk) 


SSI 32R2015R 


2 Terminal 


16 


0.84 


26 


150 


10 to 25 


+5, +12 


TTL 


7.0 (pk-pk) 


SSI 32R2020R/2021 R 


2 Terminal 


2, 4, 10 


0.8 


20 


300 


5 to 35 


+5 


TTL 


4.2 (pk-pk) 


SSI 32R2030A/2031A 


2 Terminal 


2,4 


0.85 


35 


250 


10 to 35 


+5 


TTL 


3.4 (pk-pk) 


SSI 32R2040 


2 Terminal 


14 


0.8 


22 


250 


10 to 40 


+5, +12 


Differential 


7.0 (pk-pk) 


SSI 32R2300/2300R/2310 


2 Terminal 


4 


0.75 


20 


200 


3 to 25 


+3.3/+5 


TTL 


3.4 (pk-pk) 


SSI 32R461 OA/4611 A 


2 Terminal 


2, 4, 8 


0.85 


35 


200 


10 to 35 


+5 


TTL 


3.4 (pk-pk) 


Device Number 


Circuit Function 


Features 



HDD PULSE DETECTION 



SSI 32P541 


Read Data Processor 


SSI 32P541B 


Read Data Processor 


SSI 32P544 


Pulse Detector 


SSI 32P547 


Pulse Detector 


SSI 32P549 


Read Data Processor 


SSI 32P5491 


Read Data Processor 


SSI 32P3000/3001 


Pulse Detector / Programmable Filter 


SSI 32P3010/3013 


Pulse Detector / Programmable Filter 


SSI 32P3030 


Pulse Detector / Servo Demodulator 


SSI 32P3040 


Pulse Detector / Programmable Filter 



AGC, Amplitude & Time Pulse Qualification, RLL Compatible 

32P541 pin compatible, 32P541 A w/ Increased Data Rate to 24 Mbit/s 

32P541 -type Pulse Detector w/ Embedded Servo Electronics 

32P544-type Pulse Detector w/ Filter Multiplexer, Pulse Slimming Support 

32P541 pin compatible, Low Power, +5V only, Enhanced Write to Read Recovery 

32P549 pin compatible, 5 mW Idle Mode power, Pd = 1 70 mW 

64 Mb/s Pulse Detector w/9-27 MHz Bessel filter (3000), 8-24 MHz filter (3001 ), +5V only 

48 Mb/s Pulse Detector w/9-27 MHz Bessel filter, 4-burst servo capture 

Pulse Detector w/2-burst servo demodulator, +5V only 

24-32 Mbit/s Pulse Detector w/2.5-1 3 MHz Bessel Filter, +5V only 



STORAGE PRODUCTS REFERENCE 



Circuit Function 



Features 



HDD READ CHANNEL COMBINATION DEVICES 



SSI 32P548 
SSI 32P5482 
SSI 32P4720 
SSI 32P4721 
SSI 32P4730 
SSI 32P4731 
SSI 32P4741 



Pulse Detector / Data Synchronizer 
Pulse Detector / Data Synchronizer 
Pulse Detector / Data Separator 
Pulse Detector / Data Separator 
Complete Read Channel 
Complete Read Channel 
Complete Read Channel 



32P544-type w/ 2, 7 Synchronizer, Low Power, +5V only, <700 mW 
Low power 32P548-type device (350 mW), no Write Precompensation 
32P548-type +1,7 ENDEC, Window Shift, Power-down, 52-pin QFP, 650 mW 
32P4720 @1 2 to 24 Mbit/s, <700 mW 

Pulse Detector/Filter/Servo/Time Base/Data Separator, 24 Mbit/s <500 mW, 64 TQFP 

4730 with separate A, B, C, D servo outputs 

473 1 with 1 6 to 48 Mbit/ s operation 



HDD ACTIVE FILTERS 



SSI 32F800 1/8002 
SSI 32F8011/8012 
SSI 32F8013 
SSI 32F8020A 
SSI 32F8030 
SSI 32F8120 
SSI 32F8 130/31 



Programmable Channel Filter 
Programmable Channel Filter 
Programmable Channel Filter 
Programmable Channel Filter 
Programmable Channel Filter 
Digitally Programmable Filter 
Digitally Programmable Filter 



7-Pole Equiripple Active Filter, Programmable Cutoff Frequency / Pulse Slimming, 9 - 27 MHz (8001 ), 6-1 8 MHz (8002) 
7-Pole Bessel Active Filter, Programmable Cutoff Frequency / Pulse Slimming, (5-13 MHz, 801 1 ) (6-1 5 MHz, 801 2) 
7-Pole Equiripple Active Filter, Programmable Cutoff Frequency / Pulse Slimming, 5-13 MHz 
7-Pole Equiripple Active Filter, Programmable Cutoff Frequency / Pulse Slimming, 1 .5 - 8 MHz 
7-Pole Equiripple Active Filter, Programmable Cutoff Frequency / Pulse Slimming, 250 kHz - 2.5 MHz 
32F8020 with serial port and DACs 

32F8030 with serial port and DACs / 32F81 31 = 1 50 kHz < Fc < 1 .5 MHz 



HDD DATA RECOVERY 



SSI 32D4040 


Data Separator 


Data Synchronizer / 


SSI 32D5321 


Data Separator 


Data Synchronizer / 


SSI 32D5322A 


Data Separator 


Data Synchronizer / 


SSI 32D534A 


Data Separator 


Data Synchronizer / 


SSI 32D5351A 


Data Separator 


Data Synchronizer / 


SSI 32D5362A 


Data Separator 


Data Synchronizer / 


SSI 32D5371/2 


Data Separator 


Data Synchronizer / 


SSI 32D5373/4 


Data Separator 


Data Synchronizer / 


SSI 32D539 


Data Separator 


Data Synchronizer / 


SSI 32D5391/3 


Data Separator 


Data Synchronizer / 


SSI 32D5392/4 


Data Separator 


Data Synchronizer / 


SSI 32D4660/1/2/3/4/5/6 


Time Base Generator 


Up to 100 MHz Refer 



HDD HEAD POSITIONING 



SSI 32H101 


Preamplifier -Ferrite head 


SSI 32H116A 


Preamplifier -Thin Film head 


SSI 32H523AR 


Servo Read/Write 


SSI 32H566R 


Servo Read/Write 


SSI 32H569 


Servo Motor Driver 


SSI 32H4633 


Combo Servo & Motor Speed Control 


SSI 32H6110 


Preamplifier -Thin Film head 


SSI 32H6210 


Servo Demodulator 


SSI32H6215 


Servo 5V Demodulator 


SSI 32H6220 


Servo Controller 


SSI 32H6230 


Servo Motor Driver 



AV = 93, BW = 1 MHz, e n = 7.0 nV/ Hz 
AV = 250, BW = 20 MHz, e n = 0.94 nV/ Hz 
Single-channel Thin Film Read/Write Device 
Single-channel Ferrite Read/Write Device 
Head Parking, Spindle Motor Braking 

Embedded & Hybrid Servo, Hall Sensor-less Motor Speed Control, +5V only, 5400 RPM 

AV = 250 or 300, BW = 20 MHz, e n = 0.85 nV/ Hz 

Di-bit Quadrature Servo Pattern; PLL Synchronization AGC Adjustment 

5V, 500 kHz frame rate Dedicated Servo Demodulator 

Track & Seek Mode Operation; Microprocessor Interface 

Head Parking, Spindle Motor Braking, Voltage Clamp 



Device Number 


Circuit Function 


Features 


HDD HEAD POSITIONING (Continued) 


SSI 32H6240 
SSI 32H6510 
SSI 32H6520 
SSI 32H68 10/68 11 
SSI 32H6830 


Servo Motor Driver 

Servo 5V Driver 

Servo Acquisition and D/A 

Servo/Spindle 5V Driver 

Servo/Spindle DSP Controller 


Predriver for Bipolar H-bridge 
Low Voltage Retract, 1 drivers 
1 0-bit A/D D/A circuits, DSP interface 

Combo driver supports 5V @ 0.5A, Voltage IN (681 0), Serial Port with DACs (681 1 ) 
DSP with 10-bit A/D & Dual D/A converters 


HDD SPINDLE MOTOR CONTROL 


SSI 32M593A 
SSI 32M594 
SSI 32M595 
SSI 32M7010 
SSI 32M701 1 


3 -Phase Motor Speed Control 
3- Phase Motor Speed Control 
3-Phase Sensor-less MSC 
Motor Speed Control 5V Driver 
Motor Speed Control 5V Commutator 


±0.037% Speed Accuracy; Bipolar Operation, 5 1 /4" Drives 
±0.037% Speed Accuracy; Bipolar Operation, 3 1 /2" & 5 1/4" Drives 
Hall Sensor-less; Motor Speed Control 

Hall Sensor-less; Commutator Digital Speed Control, 5V 1 Driver 
Hall Sensor-less; Commutator, 5V 1 Driver 


HDD CONTROLLER/INTERFACE 


SSI 32C9001 
SSI 32C9020 
SSI 32C9022 
SSI 32C9023 
SSI 32C9301 
SSI 32C9302 
SSI 32C9340 
SSI 32C9342 


PC AT Combo Controller 
High Perf. SCSI Combo Controller 
Dual-bit High Perf. SCSI Combo Controller 
Dual-bit High Perf. SCSI Combo Controller 
High Perf. PC AT Combo Controller (3V, 5V) 
Dual-bit High Perf. PC AT Combo Cont. (3V, 5V) 
PCMCIA/ ATA Combo Controller (3V, 5V) 
Dual-bit PCMCIA/ATA Combo Controller (3V, 5V) 


48 Mbit/ s; High Performance AT Disk Controller 

48 Mbit/s; SCSI-2 compatible; Fast SCSI; single ended 

Dual-bit NRZ, 48 Mbit/s; SCSI-2 compatible; Fast SCSI 

Dual-bit NRZ, 72 Mbit/s; SCSI-2 compatible; Fast SCSI 

32 Mbit/s (3V), 48 Mbit/s (5V); LBA mode support 

Dual-bit NRZ, 32 Mbit/s (3V), 48 Mbit/s (5V); LBA mode support 

32 Mbit/s (3V), 48 Mbit/s (5V) 

Dual-bit NRZ, 48 Mbit/s (3V/5V) 


FLOPPY DISK DRIVES 


SSI 34D441 
SSI34P553/5531 
SSI 34B580 


Data Separator 

Pulse Detector / Data Synchronizer 
Support Logic 


High Performance Analog Data Separator, NEC 765 Compatible 

0.6 - 1 .6 Mbit/s data rate, MFM or 2, 7 RLL code 

Port Expander, Includes SA400 Interface Drivers/Receivers 



WINCHESTER DISK DRIVE IC PRODUCT FAMILY 




MOTOR SPEED 
CONTROL 



m 



SSI 32M593A 
SSI 32M594 
SSI 32M595 
SSI 32M7010* 
SSI 32M701 1 




READ/ 
WRITE 



WMmwMmm: 



3-TERMINAL 

SSI 32R117 
SSI 32R117A 
SSI 32R1200 
SSI 32R501 
SSI 32R510A 
SSI 32R511A 
SSI 32R516 
SSI 32R5161 
SSI 32R1220 

MR HEAD 
PREAMP 

SSI 32R510R 



2-TERMINAL 

SSI 32R512 
SSI 32R5121 
SSI 32R521 
SSI 32R5211 
SSI 32R522 
SSI 32R524 
SSI 32R525 
SSI 32R528 
SSI 32R2010 
SSI 32R2015 
SSI 32R2020/21 
SSI 32R2030/31 
SSI 32R2040* 
SSI 32R2300/10* 
SSI 32R4610/T1 
SSI 32R461 OA/HA 
SSI 32R5281 





HEAD 




POSITIONING 



SSI 32H569 
SSI 32H6210 
SSI 32H6220 
SSI 32H6230 
SSI 32H6240 
SSI 32H6510 
SSI 32H4631/33* 
SSI 32H6215* 
SSI 32H6510* 
SSI 32H6520* 
SSI 32H6810/11* 
SSI 32H6830* 



PULSE 
DETECTOR 



Combo 

Combo 
Combo 
Combo 
Combo 
Combo 
Combo 



SSI 32P3000 
SSI 32P300T 
SSI 32P3010/13* 
SSI 32P3030 
SSI 32P3040 
SSI 32P4720/1* 
SSI 32P541 
SSI 32P541B 
SSI 32P544 
SSI 32P547 
SSI 32P548 

■ SSI 32P5482 

SSI 32P549/5491 

■ SSI 32P4730* 
■SSI 32P4731* 

SSI 32P4733* 
■SSI 32P4741* 
SSI 32P4742* 

■ SSI 32P4743* 
SSI 34P553/5531 



ACTIVE 
FILTER 



SSI 32F8001 
SSI.32F8002 
SSI 32F801 1/12 
SSI 32F8013* 
SSI 32F8020/20A 
SSI 32F8030 
SSI 32F8120 
SSI 32F8 130/31 
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SSI 32D4040* 
SSI 32D4660 
SSI 32D4661 
SSI 32D4662 
SSI 32D4664* 
SSI 32D4665 
SSI 32D4666 
SSI 32D5321 
SSI 32D5322 



SSI 32D534A 
SSI 32D535 
SSI 32D5351 
SSI 32D5362A 
SSI 32D5371 
SSI 32D5372 
SSI 32D5373 
SSI 32D5374 
SSI 32D539 
SSI 32D5391* 
SSI 32D5392* 
SSI 32D5393* 



CONTROLLER 



SSI 32C9000 
SSI 32C9001 
SSI 32C9020 
SSI 32C9022 
SSI 32C9023* 
SSI 32C9301* 
SSI 32C9302* 
SSI 32C9340* 
SSI 32C9342* 
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SSI 32R512/512R 
8 & 9-Channel Thin Film 
Read/Write Device 




DESCRIPTION 

The SSI 32R512/51 2R Read/Write devices are bipolar 
monolithic integrated circuits designed for use with 
two terminal thin film recording heads. They provide a 
low noise read amplifier, write current control and data 
protection circuitry for eight or nine channels. Power 
supply fault protection is provided by disabling the write 
current generator during power sequencing. System 
write to read recovery time is significantly improved by 
controlling the read channel common mode output 
voltage shift in the write mode. They require +5V and 
+12V power supplies and are available in a variety of 
package configurations. A mirror image pinout option 
is available to simplify flex circuit layout in multiple R/W 
device applications. The SSI32R512R option pro- 
vides internal 1000Q damping resistors. 
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FEATURES 



High performance: 

Read mode gain = 150 V/V 

Input noise = 0.85 nV/VHz max. 

Input capacitance = 35 max. 

Write current range = 10 mA to 40 mA 

Head voltage swing = 7 Vpp 

Write current rise time = 9 ns 
Enhanced system write to read recovery time 

Power supply fault protection 

Plug compatible to the SSI 32R501 & SSI 32R511 

Compatible with two & three terminal thin film heads 

Write unsafe detection 

+5V, +12V power supplies 

Mirror image pinout option 




PIN DIAGRAM 



WC i 
HSO I 
HS1 
HS2 I 







T Q 






WDFF 



WRITE 
DRIVER 



WRITE 
CURRENT 
SOURCE 



H2X 
H2Y 
H3X 
H3Y 
H4X 
H4Y 
H5X 
H5Y 
H6X 
H6Y 
H7X 
H7Y 



HOX [ 1 
HOY [ 2 

H1X [ 3 
H1Y [ 4 
H2X [ 5 
H2Y [ 
H3X [ 
H3Y [ 
H4X C 
H4Y [ 
H5X [ 
H5Y C 12 
H6X [ 13 
H6Y [ 14 
H7X [ 15 
H7Y [ 16 



32 ] GND 

31 ]N/C 

30 ]CS 

29 ] R/W 

28 ]WC 

27 ] RDY 

26 ]RDX 

25 ] HSO 

24 ]HS1 

23 ]HS2 

22 ]VCC 

21 ] WDI 

20 ]WUS 

19 ]VDD1 

18 ]VDD2 

17 ]N/C 



32-LEAD SOW 



GND [ 1 

N/C [ 2 

[ 3 

R/W [ 4 

WC [ 5 

RDY [ 6 

RDX [ 7 

HSO [ 8 

HS1 [ 9 

HS2 [ 10 

VCC [ 11 

WDI [ 12 

WUS [ 13 

VDD1 [ 14 

VDD2 [ 15 

N/C [ 16 



32 ]H0X 

31 ] HOY 

30 ]H1X 

29 ]H1Y 

28 ]H2X 

27 ]H2Y 

26 ]H3X 

25 ]H3Y 

24 ]H4X 

23 ]H4Y 

22 ]H5X 

21 ] H5Y 

20 ]H6X 

19 ]H6Y 

18 ] H7X 

17 ] H7Y 



32-LEAD SOW 
MIRROR 



CAUTION: Use handling procedures necessary 
for a static sensitive component. 
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SSI 32R512/512R 

8 & 9-Channel Thin Film 

Read/Write Device 



CIRCUIT OPERATION 

The SSI 32R512 addresses up to nine two-terminal 
thin film heads providing write drive or read amplifica- 
tion. Head selection and mode control is accomplished 
with pins HSn, CS and R/W, as shown in Tables 1 & 2. 
Internal resistor pullups, provided on pins CS and R/W 
will force the device into a non-writing condition if either 
control line is opened accidentally. 

WRITE MODE 

The write mode configures the SSI 32R512 as a 
current switch and activates the Write Unsafe (WUS) 
detection circuitry. Write current is toggled between 
the X and Y direction of the selected head on each high 
to low transition on pin WDI, Write Data Input. 

A preceding read operation initializes the Write Data 
Flip Flop (WDFF) to pass write current in the X- 
direction of the head. 

The magnitude of the write current (0-pk) given by: 

lw= Vwc 
RWC 

where Vwc (WC pin voltage) = 1.65V ± 5%, is pro- 
grammed by an external resistor RWC, connected 
from pin WC to ground. In multiple device applications, 
a single RWC resistor may be made common to all 
devices. The actual head current Ix, y is given by: 

lx y lw 
1+Rh/Rd 

where: 

Rh = head resistance + external wire resistance, and 
Rd = damping resistance. 

Power supply fault protection improves data security 
by disabling the write current generator during a volt- 
age fault or power supply sequencing. Additionally, the 
write unsafe detection circuitry will flag any of the 
conditions listed below as a high level on the open 
collector output pin, WUS. Two negative transitions on 
pin WDI, after the fault is corrected, are required to 
clear the WUS flag. 

• WDI frequency too low • Device in read mode 

• Device not selected • No write current 

Power dissipation in Write Mode may be reduced by 
placing a resistor, Rw, between VDD1 and VDD2. The 



resistor value should be chosen such that lw Rw < 3.0V 
for an accompanying reduction of (lw) 2 Rw in power 
dissipation. If a resistor is not used, VDD2 should be 
connected to VDD1 . Note that Rw will also provide 
current limiting in the event of a head short. 

READ MODE 

The read mode configures the SSI 32R512 as a low 
noise differential amplifier and deactivates the write 
current generator and write unsafe detection circuitry. 
The RDX and RDY outputs are emitter followers and 
are in phase with the "X" and "Y" head ports. These 
outputs should be AC coupled to the load. The RDX, 
RDY common mode voltage is maintained in the write 
mode, minimizing the transient between write mode 
and read mode, substantially reducing the write to read 
recovery time in the subsequent Pulse Detection cir- 
cuitry. 

IDLE MODE 

The idle mode deactivates the internal write current 
generator, the write unsafe detector and switches the 
RDX, RDY outputs into a high impedance state. This 
facilitates multiple device applications by. enabling the 
read outputs to be wire OR'ed and the write current 
programming resistor to be common to all devices. 



TABLE 1: Mode Select 



CS 


R/W 


MODE 








Write 





1 


Read 


1 





Idle 


1 


1 


Idle 



TABLE 2: Head Select 



HS3 


HS2 


HS1 


HSO 


HEAD 


























1 


1 








1 





2 








1 


1 


3 





1 








4 





1 





1 


5 





1 


1 





6 





1 


1 


1 


7 


1 











8 



= Low level 1 = High level 
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8 & 9-Channel Thin Film 
Read/Write Device 
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PIN DESCRIPTIONS 



NAME 


TYPE 


DESCRIPTION 


HSO - HS3 


\ J 


Head Select 


CS 


I 


Chip Select: a low level enables the device 


R/W 


I 


Read/Write: a high level selects Read mode 


WUS 


0* 


Write Unsafe: Open collector output, a high level indicates an unsafe writing 
condition 


WDI 


I 


Write Data In: a negative transition toggles the direction of the head current 


HOX - H8X 
HOY - H8Y 


I/O 


X, Y Head Connections: Current in the X-direction flows into the X-port 


RDX, RDY 


0* 


X, Y Read Data: differential read data output 


WC 


* 


Write Current: used to set the magnitude of the write current 


VCC 




+5V Logic Circuit Supply 


VDD1 




+12V 


VDD2 




Positive Power Supply for Write current drivers 


GND 




Ground 



*When more than one R/W device is used, these signals can be wire OR'ed. 



ELECTRICAL SPECIFICATIONS 
ABSOLUTE MAXIMUM RATINGS 



PARAMETER 


SYMBOL 


VALUE 


UNITS 


DC Supply Voltage 


VDD1,2 


-0.3 to +14 


VDC 


VCC 


-0.3 to +7 


VDC 


Write Current 


Iw 


100 


mA 


Digital Input Voltage 


Vin 


-0.3 to VCC +0.3 


VDC 


Head Port Voltage 


VH 


-0.3 to VDD2 +0.3 


VDC 


WUS Pin Voltage Range 


Vwus 


-0.3 to +14 


VDC 


Output Current 


RDX, RDY 


lo 


-10 


mA 


WUS 


Iwus 


+12 


mA 


Storage Temperature 


Tstg 


-65 to +150 


°C 
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SSI 32R512/512R 

8 & 9-Channel Thin Film 

Read/Write Device 



RECOMMENDED OPERATING CONDITIONS 



PARAMETER 


SYMBOL 


VALUE 


UNITS 


DC Supply Voltage 


VDD1 


12 ±10% 


VDC 


VDD2 


VDD1 - 3.0 to VDD1 


VDC 


VCC 


5 ±10% 


VDC 


Operating Temperature 


Tj 


+25 to +135 


°C 



DC CHARACTERISTICS 

Unless otherwise specified, recommended operating conditions apply. 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNITS 


VDD1 Supply Current 


Read Mode 


- 


- 


34 


mA 


Write Mode 


- 


- 


45 


mA 


Idle Mode 


- 


- 


15 


mA 


VDD2 Supply Current 


Read Mode 






200 


HA 


Write Mode 


- 




IW+0.4 


mA 


Idle Mode 






200 




VCC Supply Current 


Read Mode 


- 


- 


75 


mA 


Write Mode 






56 


mA 


Idle Mode 






60 


mA 


Power Dissipation (Tj = +135°C) 


Read Mode 






800 


mW 


Write Mode: Iw = 20 mA, 
VDD2 = VDD1 






1000 


mW 


Write Mode:lw = 40 mA, 
VDD1 - VDD2 = 3.0V 






1140 


mW 


Idle Mode 






500 


mW 


Input Low Voltage (VIL) 








0.8 


VDC 


Input High Voltage (VIH) 




2.0 






VDC 


Input Low Current (IIL) 


VIL = 0.8V 


-0.4 






mA 


Input High Current (IHL) 


VIH = 2.0V 






100 


ma 


WUS Output Low Voltage (VOL) 


lol = 8 mA 






0.5 


VDC 


VDD Fault Voltage 




8.5 




10.0 


VDC 


VCC Fault Voltage 




3.5 




4.2 


VDC 


Head Current (HnX, HnY) 


Write Mode, 0< VCC <3.5V 
< VDD1 < 8.5V 


-200 




+200 


ma 


Read/Idle Mode 
< VCC < 5.5V 
< VDD1 < 13.2V 


-200 




+200 
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WRITE CHARACTERISTICS 

Unless otherwise specified, recommended operating conditions apply, Iw = 20 mA, Lh = 1 .0 uH Rh = 30Q 
and f(WDI) = 5 MHz. 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNITS 


WC Pin Voltage (Vwc) 




1.57 


1.65 


1.73 


V 


Differential Head Voltage Swing 




7 






Vpp 


Unselected Head Current 








1 


mA(pk) 


Differential Output Capacitance 








25 


PF 


Differential Output Resistance 


32R512R 


800 


1000 


1350 




32R512 


4 






kQ 


WDI Transition Frequency 


WUS = Sow 


1.7 






MHz 


Write Current Range 




10 




40 


mA 



READ CHARACTERISTICS 

Unless otherwise specified, recommended operating conditions apply GL (RDX, RDY) < 20pF and 
RL (RDX,RDY) = 1 kQ. 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNITS 


Differential Voltage Gain 


Vin=1mVpp@300 kHz 


125 




175 


v/v 


Bandwidth 


-1dB 


|Zs|<5Q, Vin=1 mVpp @ 300 kHz 


25 






MHz 


-3dB 


|Zs|<5Q, Vin=1 mVpp @ 300 kHz 


45 






MHz 


Input Noise Voltage 


BW=15MHz, Lh = 0, Rh = 




0.62 


0.85 


nV/VHz 


Differential Input Capacitance 


Vin = 1 mVpp, / = 5 MHz 






35 


PF 


Differential Input 
Resistance 


32R512R 


Vin = 1 mVpp, f = 5 MHz 


390 






a 


32R512 


Vin = 1 mVpp, / = 5 MHz 


640 






a 


Dynamic Range 


DC input voltage where gain 
falls to 90% of its VDC value, 
Vin = VDC +0.5 mVpD, f = 5 MHz 


-3 




3 


mV 


Common Mode Rejection Ratio 


Vin = VDC+1 00 mVpp @ 5 MHz 


54 






dB 


Power Supply Rejection Ratio 


1 00 mVpp @ 5 MHz on VDD1 
100 mVpp @ 5 MHz on VCC 


54 






dB 


Channel Separation 


Unselected channels driven 
with 100 mVpp@ 5 MHz, 
Vin = mVpp 


45 






dB 


Output Offset Voltage 




-360 




+360 


mV 


RDX, RDY Common Mode 
Output Voltage ] 


Read Mode 


2.2 


2.9 


3.6 


VDC 


Write Mode 




2.9 




VDC 


Single Ended Output Resistance 


/ = 5MHz 






30 


a 


Output Current 


AC Coupled Load, RDX to RDY 


3.2 






mA 
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5S WITCHING CHARACTERISTICS (See Figure 1) 

Unless otherwise specified, recommended operating conditions apply, Iw = 20 mA, Lh = 1 .0 nH, Rh = 30Q 
and / (WDI) = 5 MHz. 



PARAMETER 


CONDITIONS 


MIN 


MAX 


UNITS 


R/W 


R/W to Write Mode 


Delay to 90% of write current 




0.6 


US 


R/W to Read Mode 


Delay to 90% of 100 mV 10 MHz 
Read signal envelope or to 90% 
decay of write current 




0.6 


MS 


CS 


CS to Select 


Delay to 90% of write current or to 
90% of 100mV 10MHz Read 
signal envelope 




0.6 


lis 


CS to Unselect 


Delay to 90% of write current 




0.6 


lis 


HSn 


HSO, 1,2 to any Head 


Delay to 90% of 100 mV 10 MHz 
Read signal envelope 




0.4 


MS 


WUS 


Safe to Unsafe - TD1 




0.6 


3.6 


MS 


Unsafe to Safe - TD2 






1 


MS 


Head Current 


Prop. Delay - TD3 


From 50% points, Lh=0u.h, Rh=0£2 




32 


ns 


Asymmetry 


WDI has 50% duty cycle and 
1ns rise/fall time, Lh=0|ih, Rh=0Q 




1 


ns 


Rise/Fall Time 


10% - 90% points, Lh=0(ih, Rh=0£2 




9 


ns 



1 



HEAD 
CURRENT 
(Ix-ly) 



A 



4 TD1 ► 



FIGURE 1: Write Mode timing Diagram 
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APPLICATIONS INFORMATION 

The specifications, provided in the data section, account for the worst case values of each parameter taken 
individually. In actual operation, the effects of worst case conditions on many parameters correlate. Tables 3 & 
4 demonstrate this for several key parameters. Notice that under the conditions of worst case input noise, the 
higher read back signal resulting from the higher input impedance can compensate for the higher input noise. 
Accounting for this correlation in your analysis will be more representative of actual performance. 



TABLE 3: Key Parameters Under Worst Case Input Noise Conditions 



PARAMETER 


Tj = 25°C 


Tj = 135°C 


UNITS 


Input Noise Voltage (Max.) 


0.70 


0.85 


nV/VRz 


Differential Input Resistance (Min.) 


32R512R 


539 


595 


Q 


32R512 


1200 


1500 


Q. 


Differential Input Capacitance (Max.) 


32 


34 


PF 


TABLE 4: Key Parameters Under Worst Case Input Impedance Conditions 


PARAMETER 


Tj = 25°C 


Tj = 135°C 


UNITS 


Input Noise Voltage (Max.) 


0.58 


0.71 


nV/VRz 


Differential Input Resistance (Min.) 


32R512R 


391 


458 


a 


32R512 


643 


846 


Q 


Differential Input Capacitance (Max.) 


33 


35 


PF 
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PACKAGE PIN DESIGNATIONS (Top View) 



HOX [ 


1 


32 


]GND 


GND [ 




32 


] HOX 


HOY [ 


2 


31 


] N/C 


N/C r 


2 


31 


] HOY 


H1X [ 


3 


30 


] CS 


CS [ 


3 


30 


] H1X 


H1Y [ 


4 


29 


] R/W 


R/W [ 


4 


29 


] H1Y 


H2X [ 


5 


28 


] WC 


WC [ 


5 


28 
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24 
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22 


] VCC 
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23 
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13 


22 
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14 


21 
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15 


20 


] VDD2 
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16 


19 
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N/C [ 


17 


18 
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9-Channel 
34-Lead SOL 



GND [ 




34 


] HOX 


HS3 [ 


2 


33 


] HOY 


C5" [ 


3 


32 


] H1X 


R/W [ 


4 


31 


] H1Y 


WC [ 


5 


30 


] H2X 


RDY [ 


6 


29 


] H2Y 


RDX [ 


7 


28 


] H3X 


HSO [ 


8 


27 


] H3Y 


HS1 [ 


9 


26 


] H4X 


HS2 [ 


10 


25 


] H4Y 


VCC [ 


11 


24 


] H5X 


WDI [ 


12 


23 


] H5Y 


WUS [ 


13 


22 


] H6X 


VDD1 [ 


14 


21 


] H6Y 


VDD2 [ 


15 


20 


] H7X 


H8Y [ 


16 


19 


] H7Y 


H8X [ 


17 


18 


] N/C 



9-Channel 
34-Lead SOL 
Mirror 
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SSI 32R512/512R 
8 & 9-Channel Thin Film 
Read/Write Device 



1 



THERMAL CHARACTERISTICS: 6ja 



32-Lead SOW 


55°C/W 


34-Lead SOL 


60°C/W 



ORDERING INFORMATION 



PART DESCRIPTION 


ORDER NO. 


PKG. MARK 


SSI 32R51 2 Read/Write IC 


8-Channel SOW 


32R512-8CW 


32R512-8CW 


9-Channel SOL 


32R512-9CL 


32R512-9CL 


SSI 32R512R with internal Damping Resistor 


8-Channel SOW 


32R512R-8CW 


32R512R-8CW 


9-Channel SOL 


32R512R-9CL 


32R512R-9CL 


SSI 32R512M Mirror Image 


8-Channel SOW 


32R512M-8CW 


32R512M-8CW 


9-Channel SOL 


32R512M-9CL 


32R512M-9CL 


SSI 32R512RM Mirror Image with Damping Resistor 


8-Channel SOW 


32R512RM-8CW 


32R512RM-8CW 


9-Channel SOL 


32R512RM-9CL 


32R512RM-9CL 



No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data sheet 
is current before placing orders. 
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DESCRIPTION 

The SSI 32R51 21/51 21 R Read/Write devices are bi- 
polar monolithic integrated circuits designed for use 
with two terminal thin film recording heads. They pro- 
vide a low noise read amplifier, write current control 
and data protection circuitry for up to 14 channels. 
Power supply fault protection is provided by disabling 
the write current generator during power sequencing. 
System write to read recovery time is significantly 
improved by controlling the read channel common 
mode output voltage shift in the write mode. They 
require +5V and +12V power supplies and are avail- 
able in a variety of package configurations.The 
SSI 32R512R option provides internal 180Q damping 
resistors. 



SSI 32R51 21/51 21 R 
14-Channel Thin Film 
Read/Write Device 



Advance Information 




November 1991 



FEATURES 



High performance: 

Read mode gain = 250 V/V 

Input noise = 0.85 nV/VRz max. 

Input capacitance = 35 pF max. 

Write current range = 10 mA to 40 mA 

Head voltage swing = 7 Vpp 

Write current rise time = 9 ns 
Enhanced system write to read recovery time 
Power supply fault protection 
Compatible with two & three terminal thin film heads 
Write unsafe detection 
+5V, +12V power supplies 
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PIN DIAGRAM 
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CAUTION: Use handling procedures necessary 
for a static sensitive component. 
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SSI 32R5121/5121R 
14-Channel Thin Film 
Read/Write Device 



CIRCUIT OPERATION 

The SSI 32R51 21 addresses up to 1 4 two-terminal thin 
film heads providing write drive or read amplification. 
Head selection and mode control is accomplished with 
pins HSn, CS and R/W, as shown in Tables 1 & 2^ 
Internal resistor pullups, provided on pins CS and R/W 
will force the device into a non-writing condition if either 
control line is opened accidentally. 

WRITE MODE 

The write mode configures the SSI 32R5121 as a 
current switch and activates the Write Unsafe (WUS) 
detection circuitry. Write current is toggled between the 
X and Y direction of the selected head on each high to 
low transition on pin WDI, Write Data Input. 

A preceding read operation initializes the Write Data 
Flip Flop (WDFF) to pass write current in the X- 
direction of the head, i.e., into the X-port. 

The magnitude of the write current (0-pk) given by: 
lw= Vwc_ 
RWC 

where Vwc (WC pin voltage) = 1 .65V ± 5%, is pro- 
grammed by an external resistor RWC, connected 
from pin WC to ground. In multiple device applications, 
a single RWC resistor may be made common to all 
devices. The actual head current Ix, y is given by: 

lx,y= — !vv — 
1+Rh/Rd 

where: 

Rh = head resistance + external wire resistance, and 
Rd = damping resistance. 

Power supply fault protection improves data security 
by disabling the write current generator during a volt- 
age faultorpowersupply sequencing. Additionally, the 
write unsafe detection circuitry will flag any of the 
conditions listed below as a high level on the open 
collector output pin, WUS. Two negative transitions on 
pin WDI, after the fault is corrected, are required to 
clear the WUS flag. 

• WDI frequency too low • Device in read mode 

• Device not selected • No write current 

• Open head 

Power dissipation in Write Mode may be reduced by 
placing a resistor, Rw, between VDD1 and VDD2. The 



resistor value should be chosen such that Iw Rw < 3.0V 
for an accompanying reduction of (lw) 2 Rw in power 
dissipation. If a resistor is not used, VDD2 should be 
connected to VDD1. Note that Rw will also provide 
current limiting in the event of a head short. 

READ MODE 

The read mode configures the SSI 32R5121 as a low 
noise differential amplifier and deactivates the write 
current generator and write unsafe detection circuitry. 
The RDX and RDY outputs are emitter followers and 
are in phase with the "X" and "Y" head ports. These 
outputs should be AC coupled to the load. The RDX, 
RDY common mode voltage is maintained at the write 
mode valve, minimizing the transient between write 
mode and read mode, substantially reducing the write 
to read recovery time in the subsequent Pulse De- 
tection circuitry. 

IDLE MODE 

The idle mode deactivates the internal write current 
generator, the write unsafe detector and switches the 
RDX, RDY outputs into a high impedance state. This 
facilitates multiple device applications by enabling the 
read outputs to be wire OR'ed and the write current 
programming resistor to be common to all devices. 



TABLE 1: Mode Select 



CS 


R/W 


MODE 








Write 





1 


Read 


1 





Idle 


1 


1 


Idle 



TABLE 2: Head Select 



HS3 


HS2 


HS1 


HSO 


HEAD 


























1 


1 








1 





2 








1 


1 


3 





1 








4 





1 





1 


5 





1 


1 





6 





1 


1 


1 


7 













8 










1 


9 







1 





10 







1 


1 


11 




1 








12 




1 





1 
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SSI 32R51 21/51 21 R 
14-Channel Thin Film 
Read/Write Device 



1 



PIN DESCRIPTION 



NAME 


TYPE 


DESCRIPTION 


HSO - HS3 


I 


Head Select 


CS 


I 


Chip Select: a low level enables the device 


R/W 


I 


Read/Write: a high level selects Read mode 


WUS 


0* 


Write Unsafe: Open collector output, a high level indicates an unsafe writing 
condition 


WDI 


I 


Write Data In: a negative transition toggles the direction of the head current 


H0X-H13X 
H0Y-H13Y 


I/O 


X, Y Head Connections: Current in the X-direction flows into the X-port 


RDX, RDY 


0* 


X, Y Read Data: differential read data output 


WC 




Write Current: used to set the magnitude of the write current 


VCC 




+5V Logic Circuit Supply 


VDD1 




+12V 


VDD2 




Positive Power Supply for Write current drivers 


GND 




Ground 



*When more than one R/W device is used, these signals can be wire OR'ed. 



ELECTRICAL SPECIFICATIONS 
ABSOLUTE MAXIMUM RATINGS 



PARAMETER 


SYMBOL 


VALUE 


UNITS 


DC Supply Voltage 


VDD1,2 


-0.3 to +14 


VDC 


VCC 


-0.3 to +7 


VDC 


Write Current 


Iw 


100 


mA 


Digital Input Voltage 


Vin 


-0.3 to VCC +0.3 


VDC 


Head Port Voltage 


VH 


-0.3 to VDD2 +0.3 


VDC 


WUS Pin Voltage Range 


Vwus 


-0.3 to +14 


VDC 


Output Current 


RDX, RDY 


lo 


-10 


mA 


WUS 


I WUS 


+12 


mA 


Storage Temperature 


Tstg 


-65 to +150 


°C 
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SSI 32R51 21/51 21 R 
14-Channel Thin Film 
Read/Write Device 



RECOMMENDED OPERATING CONDITIONS 



PARAMETER 


SYMBOL 


VALUE 


UNITS 


DC Supply Voltage 


VDD1 


12 ± 10% 


VDC 


VDD2 


VDD1 -3.0 to VDD1 


VDC 


VCC 


5 ±10% 


VDC 


Operating Temperature 


Tj 


+25 to +135 


°C 



DC CHARACTERISTICS 

Unless otherwise specified, recommended operating conditions apply. 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNITS 


VDD1 Supply Current 


Read Mode 


■ 


24 


36 


mA 


Write Mode 


- 


34 


46 


mA 


Idle Mode 




11 


16 


mA 


VDD2 Supply Current 


Read Mode 







200 


uA 


Write Mode 


- 


Iw 


Iw + 0.4 


mA 


Idle Mode 







200 


uA 


VCC Supply Current 


Read Mode 




52 


73 


mA 


Write Mode 


- 


35 


54 . 


mA 


Idle Mode 




43 


58 


mA 


Power Dissipation (Tj = +135°C) 


Read Mode 






800 


mW 


Write Mode: Iw = 20 mA, 
VDD2 = VDD1 






1000 


mW 


Write Mode:lw = 40 mA, 
VDD1 - VDD2 = 3.0V 






1150 


mW 


Idle Mode 






500 


mW 


Input Low Voltage (VIL) 








0.8 


VDC 


Input High Voltage (VIH) 




2.0 






VDC 


Input Low Current (IIL) 


VIL = 0.8V 


-0.4 






mA 


Input High Current (IHL) 


VIH = 2.0V 






100 


uA 


WUS Output Low Voltage (VOL) 


lol = 8 mA 






0.5 


VDC 


VDD Fault Voltage 




8.5 




10.0 


VDC 


VCC Fault Voltage 




3.5 




4.2 


VDC 


Head Current (HnX, HnY) 


Write Mode, 
< VCC < 3.5V 
< VDD1 < 8.5V 


-200 




+200 




Read/Idle Mode, 
< VCC < 5.5V 
0<VDD1<13.2V 


-200 




+200 


ma 
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SSI 32R51 21/51 21 R 
14-Channel Thin Film 
Read/Write Device 



1 



WRITE CHARACTERISTICS 

Unless otherwise specified, recommended operating conditions apply, Iw = 20 mA, Lh = 500 nH, Rh = 30Q 
and f(WDI) « 5 MHz. 



PARAMETER 


CONDITIONS 


MIN. 


NOM 


MAX 


UNITS 


WC Pin Voltage (Vwc) 




1.57 


1.65 


1.73 


V 


Differential Head Voltage Swing 


Iw = 40 mA 


7 






Vpp 


Unselected Head Current 








1 


mA(pk) 


Differential Output Capacitance 








25 


PF 


Differential Output Resistance 


32R5121R 


140 


180 


220 


a 


32R5121 


4K 






Q 


WDI Transition Frequency 


WUS = low 


1.7 






MHz 


Write Current Range 




10 




40 


mA 



READ CHARACTERISTICS 

Unless otherwise specified, recommended operating conditions apply CL (RDX, RDY) < 20pF and 
RL (RDX, RDY) = 1 kQ. 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNITS 


Differential Voltage Gain 


Vin=1mVpp@300 kHz 


210 


250 


290 


v/v 


Bandwidth 


-1dB 


|Zs|<5Q, Vin=1 mVpp @ 300 kHz 




30 




MHz 


-3dB 


|Zs|<5Q, Vin=1 mVpp @ 300 kHz 


27 


45 




MHz 


Input Noise Voltage 


BW=15MHz, Lh = 0, Rh = 




0.62 


0.85 


nV/VHz 


Differential Input Capacitance 


Vin = 1 mVpp.f = 5 MHz 






35 


PF 


Differential Input 
Resistance 


32R5121R 


Vin = 1 mVpp, f = 5 MHz 


115 






Q 


32R5121 


Vin = 1 mVpp, f =5 MHz 


640 






Q, 


Dynamic Range 


Peak-to-peak AC input voltage 
where gain falls to 90% of its 
small signal value, f = 5 MHz 


2.0 






mVpp 


Common Mode Rejection Ratio 


Vin = VDC+100 mVpp @ 5 MHz 


54 






dB 


Power Supply Rejection Ratio 


100 mVpp @ 5 MHz on VDD1 
100 mVpp @ 5 MHz on VCC 


54 






dB 


Channel Separation 


Unselected channels driven 
with 100 mVpp@5MHz, 
Vin = mVpp 


45 






dB 


Output Offset Voltage 




-600 




+600 


mV 


RDX, RDY Common Mode 
Output Voltage 


Read Mode 


2.2 


2.9 


3.6 


VDC 


Write Mode 




2.9 




VDC 


Single Ended Output Resistance 


f = 5 MHz 






30 


Q 


Output Current 


AC Coupled Load, RDX to RDY 


3.2 






mA 
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SSI 32R51 21/51 21 R 
14-Channel Thin Film 
Read/Write Device 



SWITCHING CHARACTERISTICS (See Figure 1) 

Unless otherwise specified, recommended operating conditions apply, Iw = 20 mA, Lh = 500 nH, Rh = 30fl 
andf(WDI) = 5MHz. 



PARAMETER 


CONDITIONS 


MIN 


MAX 


UNITS 


R/W 


R/W to Write Mode 


Delay to 90% of write current 




0.6 


us 


R/W to Read Mode 


Delay to 90% of 100mV 10MHz 
Read signal envelope or to 90% 
decay of write current 




0.6 


U.S 


Write Current 


WC Turn-on Time 


Lr = 30Q, Lh = 1uH, Iw = 20 mA 




320 


ns 


WC Turn-off Time 


Lr = 30Q, Lh = 1uJH, Iw = 20 mA 




160 


ns 


CS 


CS to Select 


Delay to 90% of write current or to 
90% of 100mV 10MHz Read 
signal envelope 




0.6 


us 


CS to Unselect 


Delay to 90% of write current 




0.6 


u.s 


HSn 


HSO, 1,2 to any Head 


Delay to 90 % of 1 0OmV 1 0MHz 
Read signal envelope 




0.4 


u.s 


WUS 


Safe to Unsafe - TD1 




0.6 


3.6 


JUS 


Unsafe to Safe - TD2 






1 


u.s 


Head Current 


Prop. Delay - TD3 


From 50 % points, Lh=0uh, Rh=0Q 




32 


ns 


Asymmetry 


WDI has 50 % duty cycle and 
1ns rise/fall time, Lh=0uii, Rh=0a 




1 


ns 


Rise/Fall Time 


10% - 90% points, Lh=0|ih, Rh=0£2 




9 


ns 



1 



HEAD 
CURRENT 
(Ix-ly) 



[M/VtA 

TD2 ► 



TD1 ► 



FIGURE 1 : Write Mode Timing Diagram 
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SSI 32R51 21/51 21 R 
14-Channel Thin Film 
Read/Write Device 



1 



APPLICATIONS INFORMATION 

The specifications, provided in the data section, account for the worst case values of each parameter taken 
individually. In actual operation, the effects of worst case conditions on many parameters correlate. Tables 3 & 
4 demonstrate this for several key parameters. Notice that under the conditions of worst case input noise, the 
higher read back signal resulting from the higher input impedance can compensate for the higher input noise. 
Accounting for this correlation in your analysis will be more representative of actual performance. 



TABLE 3: Key Parameters Under Worst Case Input Noise Conditions 



PARAMETER 


Tj = 25°C 


Tj = 135°C 


UNITS 


Input Noise Voltage (Max.) 


0.70 


0.85 


nV/VRz 


Differential Input Resistance (Min.) 


32R5121R 


165 


185 


Q 


32R5121 


1200 


1500 


Q 


Differential Input Capacitance (Max.) 


32 


34 


PF 


TABLE 4: Key Parameters Under Worst Case Input Impedance Conditions 


PARAMETER 


Tj = 25°C 


Tj = 135°C 


UNITS 


Input Noise Voltage (Max.) 


0.58 


0.71 


nV/VHz 


Differential Input Resistance (Min.) 


32R5121R 


115 


125 


a 


32R5121 


640 


850 


a 


Differential Input Capacitance (Max.) 


33 


35 


PF 
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SSI 32R51 21/51 21 R 
14-Channel Thin Film 
Read/Write Device 



PACKAGE PIN DESIGNATIONS 

(Top View) 



THERMAL CHARACTERISTICS: 0ja 
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11 


34 


] 
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12 


33 


] 


HS2 


H5X [ 


13 


32 


3 


VCC 


H5Y [ 


14 


31 


] 


WDI 


H6X [ 


15 


30 


] 


WUS 


H6Y [ 


16 


29 


3 


GND 


H7X [ 


17 


28 


3 


VDD1 


H7Y [ 


18 


27 


3 


VDD2 


H8X [ 


19 


26 


3 


H11Y 


H8Y [ 


20 


25 


3 


H11X 


H9X [ 


21 


24 


3 


H10Y 


H9Y [ 


22 


23 


3 


H10X 



44-Lead SOL 


50°C/W 


44-PLCC 


60°C/W 
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SSI 32R5121 -14CH 
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39] R/W 
38 ] W/C 
37 ] RDY 
36 ] RDX 
35 ] HSO 
34 ] HS1 
33 ] HS2 
32 ] VCC 
31 ] WDI 
30 ] WUS 
29 ] GND 



L_J I I I I L_J 



X - - 



44-Pin SOM 



44-Pin PLCC 



Advance Information: Indicates a product still in the design cycle, and any specifications are based on design goals only. Do not use for 
final design. 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders. 
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SSI 32R516/516R 

4, 6, 8-Channel Ferrite/MIG 
Read/Write Device 




DESCRIPTION 



December 1992 



FEATURES 



The SSI 32R516 is a bipolar monolithic integrated 
circuit designed for use with a center-tapped ferrite or 
MIG recording heads. The SSI 32R516 offers the 
performance upgrades of the SSI 32R51 1 along with 
improved head port characteristics and increased 
read gain. It provides a low noise read path, write 
current control, and data protection circuitry for as 
many as 8 channels. The SSI 32R516 requires +5V 
and +12V power supplies and is available in a variety 
of packages. 

The SSI 32R51 6R performs the same function as the 
SSI 32R516 with the addition of internal 650Q 
damping resistors. The SSI 32R516M and SSI 
32R516RM are functionally equivalent to the 
SSI 32R516 and SSI 32R516R however, they have 
the mirror image pin arrangement to simplify layout 
when using multiple devices. 



High performance 

Read mode gain = 120 V/V 

Input noise = 1.3 nV/Vfiz maximum 

Input capacitance = 18 pF 

Write current range = 10 mA to 60 mA 
Enhanced system write to read recovery time 
Power supply fault protection 

Pin compatible with the SSI 32R501 & 
SSI 32R511 

Designed for center-tapped ferrite or MIG heads 

Programmable write current source 

Easily multiplexed for larger systems 

Includes write unsafe detection 

TTL compatible control signals 

+5V, +1 2V power supplies 

Mirror image pin arrangements 



BLOCK DIAGRAM 



wus 
— Q— 



VDD2 VCT 

— n — n— 
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PIN DIAGRAM 



HOX [ 1 

HOY [ 2 

H1X [ 3 

H1Y [ 4 

H2X [ 5 

H2Y [ 6 

H3X [ 7 

H3Y [ 8 

H4X [ 9 

H4Y [ 10 

H5X [ 11 

H5Y [ 12 

H6X [ 13 

H6Y [ 14 

H7X [ 15 

H7Y [ 16 



32R516-8/ . 
32R516R-8 ' 



] GND 
] N/C 
] 

] R/W 
] WC 
] RDY 
] RDX 
] HSO 
] HS1 
] HS2 
] VCC 
] WDI 
] WUS 
] VDD1 
] VDD2 
] VCT 
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CAUTION: Use handling procedures necessary 
for a static sensitive component. 



SSI 32R516/516R 

4, 6, 8-Channel Ferrite/MIG 

Read/Write Device 



CIRCUIT OPERATION 

The SSI 32R51 6 gives the user the ability to address up 
to 8 center-tapped ferrite heads and provide write drive 
or read amplif ication. Head selection and mode control 
is accomplished using the HSn, CS and R/W inputs as 
shown in tables 1 & 2. Internal pullups are provided for 
the CS & R/W inputs to force the device into a non- 
writing condition if either control line is opened acciden- 
tally. 



TABLE 1: Mode Select 



CS 


R/W 


MODE 








Write 





1 


Read 


1 


X 


Idle 



TABLE 2: Head Select 



HS2 


HS1 


HSO 


HEAD 




















1 


1 





1 





2 





1 


1 


3 


1 








4 


1 





1 


5 


1 


1 





6 


1 


1 


1 


7 



= Low level 1 = High level 
WRITE MODE 



Taking both CS and R/W low selects write mode which 
configures the SSI 32R516 as a current switch and 
activates the Write Unsafe (WUS) detector circuitry. 
Write current is toggled between the X and Y side of the 
selected head on each high to low transition of the 
Write Data Input (WDI). Note that a preceding read 
mode selection initializes the Write Data Flip-Flop, 
WDFF, to pass write current through the "X" side of the 
head. The zero-peak write current magnitude is pro- 
grammed by an external resistor Rwc from pin WC to 
GND and is given by: 

Iw = K/Rwc, where K = Write Current Constant 



The Write Unsafe detection circuitry monitors voltage 
transitions at the selected head connections and flags 
any of the following conditions as a high level on the 
Write Unsafe open collector output: 

• Head open • Head center tap open 

• WDI frequency too low • Device in read mode 

• Device not selected -No write current 

Two negative transitions on WDI, after the fault is 
corrected, will clear the WUS flag. 

To further assure data security a voltage fault detection 
circuit prevents application of write current during 
power loss or power sequencing. 

To enhance write to read recovery time the change in 
RDX, RDY common mode voltage is minimized by 
biasing these outputs to a level within the read mode 
range when in write mode. 

Power dissipation in write mode may be reduced by 
placing a resistor (RCT) between VDD1 & VDD2. The 
optimum resistor value is 82Q x 60/lw (Iw in mA). At low 
write currents (<15 mA) read mode dissipation is 
higher than write mode and RCT, though recom- 
mended, may not be considered necessary. In this 
case VDD2 is connected directly to VDD1 . 

READ MODE 

Taking CS low and R/W high selects read mode which 
configures the SSI 32R516 as a low noise differential 
amplifier for the selected head. The RDX and RDY 
outputs are driven by emitterfollowers and are in phase 
with the "X" and "Y" head ports. These outputs should 
be AC coupled to the load. The internal write current 
source is gated off in read mode eliminating the need 
for any external gating. 

Read mode selection also initializes the Write Data 
Flip-Flop (WDFF) to pass write current through the "X" 
side of the head at a subsequent write mode selection. 

IDLE MODE 

Taking CS high selects the idle mode which switches 
the RDX, RDY outputs into a high impedance state and 
deactivates the internal write current source. This 
facilitates multi-device installations by allowing the 
read outputs to be wire OR'ed and the write current 
programming resistor to be common to all devices. 
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SSI 32R516/516R 
4, 6, 8-Channel Ferrite/MIG 
Read/Write Device 
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PIN DESCRIPTIONS 



NAME 


I/O 


DESCRIPTION 


uon i_ico 


■ 
I 


neao oeiect 




i 
1 


unip oeieci. a low level enauies aevice 


p/\a7 
n/vv 


i 
i 


neaa/vvnie. a nign level selects reaa moae 


vvuo 


n* 


VVIIlfc, Ulloala. a lllyll level II lUK/dlt/O all Ul Iodic WMllliy UUIIUIIIUM 


wni 

VVUI 


i 
i 


VVlllc L/dld III. Ilcydllvc lidllolMUll luyyico UllcUllUli Ul llcaU UUlicill 


H0X-H7X 
H0Y-H7Y 


I/O 


X,Y head connections 


RDX, RDY 


0* 


X, Y Read Data: differential read signal out 


WC 


* 


Write Current: used to set the magnitude of the write current 


VCT 




Voltage Center Tap: voltage source for head center tap 


VCC 




+5V 


VDD1 




+12V 


VDD2 




Positive power supply for the center tap voltage source 


GND 




Ground 



*When more than one R/W device is used, these signals can be wire OR'ed. 
ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS (All voltages referenced to GND. Currents into device are positive.) 



PARAMETER 


VALUE 


UNITS 


DC Supply Voltage 


VDD1 


-0.3 to +14 


VDC 


DC Supply Voltage 


VDD2 


-0.3 to +14 


VDC 


DC Supply Voltage 


VCC 


-0.3 to +6 


VDC 


Digital Input Voltage Range 


VIN 


-0.3 to VCC + 0.3 


VDC 


Head Port Voltage Range 


VH 


-0.3 to VDD1 +0.3 


VDC 


WUS Pin Voltage Range 


Vwus 


-0.3 to +14 


VDC 


Write Current Zero Peak 


IW 


90 


mA 


RDX, RDy Output Current 


lo 


-10 


mA 


VCT Output Current 


IVCT 


-90 


mA 


WUS Output Current 


I WUS 


+12 


mA 


Storage Temperature Range 


Tstg 


-65 to 150 


°C 


Lead Temperature PDIP, Flat Pack 
(10 sec Soldering) 


260 


°C 


Package Temperature PLCC, SO 
(20 sec Reflow) 


215 


°C 
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SSI 32R516/516R 

4, 6, 8-Channel Ferrite/MIG 

Read/Write Device 



RECOMMENDED OPERATION CONDITIONS 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNITS 


DC Supply Voltage 


VDD1 




10.8 


12.0 


13.2 


VDC 


DC Supply Voltage 


VCC 




4.5 


5.0 


5.5 


VDC 


Head Inductance 


Lh 




5 




10 


HH 


Damping Resistor 


RD 


32R516only 


500 




2000 


Q 


RCT Resistor 


RCT* 


Iw = 60 mA 




82 




Q 


Write Current 


IW 




10 




60 


mA 


Junction Temperature Range 


Tj 




+25 




+135 


°C 



*For Iw = 60 mA. At other Iw levels refer to Applications Information that follows this specification. 
DC CHARACTERISTICS 

(Unless otherwise specified, recommended operating conditions apply.) 
POWER SUPPLY 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNITS 


VCC Supply Current 


Read/Idle Mode 






30 


mA 


Write Mode 






30 


mA 


VDD Supply Current 
(sum of VDD1 and VDD2) 


Idle Mode 






20 


mA 


Read Mode 






40 


mA 


Write Mode 






20 + Iw 


mA 


Power Dissipation (Tj = +125°C) 


Idle Mode 






400 


mW 


Read Mode 






620 


mW 


Write Mode, IW = 45 mA, 
RCT = 0Q 






800 


mW 


Write Mode, IW = 45 mA, 
RCT = 110Q 






610 


mW 


Write Mode, IW = 60 mA 
RCT = 82a 






680 


mW 



1-22 



SSI 32R516/516R 
4, 6, 8-Channel Ferrite/MIG 
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DC CHARACTERISTICS (continued) 
DIGITAL I/O 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNITS 


VIL Input Low Voltage 








0.8 


VDC 


VIH Input High Voltage 




2.0 




VCC 
+ 0.3 


VDC 


ML Input Low Current 


VIL = 0.8V 


-0.4 






mA 


IIH Input High Current 


VIH = 2.0V 






100 


uA 


VOL WUS Output Low Voltage 


IOL = 8mA 






0.5 


VDC 


IOH WUS Output High Current 


VOH = 5.0V 






100 


uA 



WRITE MODE 



Center Tap Voltage VCT 


Write Mode 




6.9 




VDC 


Head Current (per side) 


Write Mode, 
< VCC < 3.7V, 
0<VDD1 <8.7V 


-200 




200 


uA 


Write Current Range 




10 




60 


mA 


Write Current Constant "K" 


IW=10-60 mA 


2.375 




2.80 


V 


Iwc to Head Current Gain 






0.99 




mA/mA 


Unselected Head Leakage Current 








85 


HA 


RDX, RDY Output Offset Voltage 


Write/Idle Mode 


-20 




+20 


mV 


RDX, RDY Common Mode 


Write/Idle Mode 




5.5 




VDC 


Output Voltage 












RDX, RDY Leakage 


RDX, RDY = 6V 
Write/Idle Mode 


-100 




100 


uA 



READ MODE 



Center Tap Voltage 


Read Mode 




4.2 




VDC 


Head Current (per side) 


Read or Idle Mode 
< VCC < 5.5V 
0< VDD1 < 13.2V 


-200 




200 


ma 


Input Bias Current (per side) 








45 


ma 


Input Offset Voltage 


Read Mode 


-4 




+4 


mV 


Common Mode Output Voltage 


Read Mode 


4.5 


5.5 


6.5 


VDC 
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SSI 32R516/516R 

4, 6, 8-Channel Ferrite/MIG 

Read/Write Device 



DYNAMIC CHARACTERISTICS AND TIMING 

(Unless otherwise specified, recommended operating conditions apply and IW = 35 mA, Lh = 5 u.H, 
Rd = 750Q (32R516) only, f(WDI) = 5 MHz, CL(RDX, RDY) < 35 pF.) 



WRITE MODE 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNITS 


Differential Head Voltage Swing 




7.0 






V(pk) 


Unselected Head Transient Current 








2 


mA(pk) 


Differential Output Capacitance 








15 


PF 


Differential Output Resistance 


32R516 


10K 






a 


32R516R 


430 


650 


870 


Q 


WDI Transition Frequency 


WUS = low 


125 






kHz 



READ MODE 



Differential Voltage Gain 


Vin = 1 mVpp @ 300 kHz, 
RL(RDX), RL(RDY) 
= 1 KQ 


100 


120 


140 


v/v 


Dynamic Range 


AC Input Voltage, Vi, 

Where Gain Falls 

by 10%. V+f = 300 KHz 


-3 






mVpp 


Bandwidth (-3dB) 


|Zs| < 5H, Vin = 1 mVpp 


30 






MHz 


Input Noise Voltage 


BW=15MHz, 
Lh = 0, Rh = 




1.0 


1.3 


nV/Vfiz 


Differential Input Capacitance 


f = 5 MHz 




14 


18 


PF 


Differential Input Resistance 


32R516,f = 5 MHz 


2K 






a 


Differential Input Resistance 


32R516R,f = 5 MHz 


350 




800 


Q 


Common Mode Rejection Ratio 


Vcm = VCT + 100 mVpp 
@5MHz 


50 






dB 


Power Supply Rejection Ratio 


100 mVpp@ 5 MHz on 
VDD1, VDD2 or VCC 


45 






dB 


Channel Separation 


Unselected Channels: 
Vin=100 mVpp@5MHz; 
Selected Channel: 
Vin = mVpp 


45 






dB 


Single Ended Output Resistance 


f = 5 MHz 






30 


Q 


Output Current 


AC Coupled Load, 
RDX to RDY 


±2.1 






mA 
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SSI 32R516/516R 
4, 6, 8-Channel Ferrite/MIG 
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DYNAMIC CHARACTERISTICS AND TIMING (continued) 
SWITCHING CHARACTERISTICS 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNITS 


R/W To Write 


Delay to 90% of 
Write Current 




.15 


.7 


US 


R/WtoRead 


Delay to 90% of 
100 mV, 10 MHz Read 
Signal Envelope or 
to 90% decay of 
Write Current 




.25 


.7 


US 


CS to Select 


Delay to 90% of Write 
Current or to 90% of 
100 mV, 10 MHz Read 
Signal Envelope 




.2 


1.0 


LIS 


CS to Unselect 


Delay to 90% Decay 
of Write Current 




.1 


1.0 


US 


HSO - HS2 to any head 


Delay to 90% of 100 mV, 
10 MHz Read Signal 
Envelope 




.25 


1.0 


us 


WUS, Safe to Unsafe - TD1 


Iw = 35 mA 


1.6 




8.0 


us 


WUS, Unsafe to Safe - TD2 


Iw = 35 mA 






1.0 


us 


Head Current (Lh = jiH, Rh = OQ) 


Prop. Delay - TD3 


From 50% Points 






25 


ns 


Asymmetry 


WDI has 50% Duty Cycle 
and 1 ns Rise/Fall Time 






1 


ns 


Rise/Fall Time 


10% -90% Points 






20 


ns 



1 



HEAD 
CURRENT 
(Ix-ly) 



TD2 ► 



TD1 ► 



/TJ\i 



FIGURE 1 : Write Mode Timing Diagram 
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SSI 32R516/516R 

4, 6, 8-Channel Ferrite/MIG 

Read/Write Device 




NOTES 



1 . An external resistor, RCT, given by; RCT = 82 (60/lw) where Iw is the zero-peak write current in mA, 
can be used to limit internal power dissipation. Otherwise connect VDD2 to VDD1 . 

2. Damping resistors not required on 32R516R versions. 

3. Limit DC current from RDX and RDY to 1 00 uA and load capacitance to 20 pF. In multi-chip application 
these outputs can be wire-OR'ed. 

4. The power bypassing capacitor must be located close to the 32R51 6 with its ground returned directly 
to device ground, with as short a path as possible. 

5. To reduce ringing due to stray capacitance this resistor should be located close to the 32R51 6. Where 
this is not desirable a series resistor can be used to buffer a long WC line. In multi-chip applications 
a single resistor common to all chips may be used. 



FIGURE 2: Applications Information 
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PACKAGE PIN DESIGNATIONS (Top View) 



28-Lead SOL 



HOX [ 






28 


] GND 


GND [ 




28 


] HOX 


HOY [ 


2 




27 


] N/C 


N/C [ 


2 


27 


] HOY 


H1X [ 


3 




26 


] CS" 


C~S~ [ 


3 


26 


] H1X 


H1Y [ 


4 




25 


] R/W 


R/W [ 


4 


25 


] H1Y 


H2X [ 


5 




24 


] WC 


WC [ 


5 


24 


] H2X 


H2Y [ 


6 




23 


] RDY 


RDY [ 


6 


23 


] H2Y 








RDX [ 




32R516M-6/ 




H3X [ 




32R516-6/ 


22 


] RDX 




32R516RM-6 22 


] H3X 




32R516R-6 






6 




H3Y [ 


8 


6 

Channels 


21 


] HSO 


HSO [ 


8 


Channels 21 


] H3Y 


H4X [ 


9 




20 


] HS1 


HS1 [ 


9 


20 


] H4X 


H4Y [ 


10 




19 


] HS2 


HS2 [ 


10 


19 


] H4Y 


H5X [ 


11 




18 


] VCC 


VCC [ 


11 


18 


] H5X 


H5Y [ 


12 




17 


] WDI 


WDI [ 


12 


17 


] H5Y 


VCT [ 


13 




16 


] WUS 


WUS [ 


13 


16 


] VCT 


VDD2 [ 


14 




15 


] VDD1 


VDD1 [ 


14 


15 


] VDD2 



28-Lead SOL 
Mirror Image 



O — OT 

§ I I 



HS2 [ 19 
HS1 [ 20 
HSO [ 21 
RDX [ 
RDY [ 
WC [ 
R/W [ 



Q 






>- 


Q 






in 


> 


> 




X 


n._ 








15 


14 


13 


12 



32R516-6/32R516R-6 
6 Channels 



28-Lead PLCC 



11 ] H5X 

10 ] H4Y 

9 ] H4X 

8 ] H3Y 

7 ] H3X 

6 ] H2Y 

5 D H2X 



26 


27 


28 


1 


2 


3 


4 


SO [ 


O/N C 


] GND 


] HOX 


] HOY 


] H1X 


] H1Y 



HOX [ 






32 


] GND 


GND [ 




32 


] HOX 


GND [ 


1 24 


] N/C 


HOY [ 


2 




31 


] N/C 


N/C [ 


2 


31 


] HOY 


N/C [ 


2 23 


] CS 


H1X [ 


3 




30 


] cs 


CS [ 


3 


30 


] H1X 


HOX [ 


3 22 


] R/W 


H1Y [ 


4 




29 


] R/W 


R/W [ 


4 


29 


] H1Y 


HOY [ 


4 21 


] WC 


H2X [ 


5 




28 


] WC 


WC [ 


5 


28 


] H2X 


H1X [ 


5 20 


] RDY 


H2Y [ 


6 




27 


] RDY 


RDY [ 


6 


27 


] H2Y 


H1Y [ 


32R516-4/ 
° 32R516R-4 


] RDX 


H3X [ 


7 




26 


] RDX 


RDX [ 


7 


26 


] H3X 


H2X [ 


4 

7 Channels 18 


] HSO 


H3Y [ 


8 


32R516-8/ 
32R516R-8 


25 


] HSO 


HSO [ 


8 


32R516M-8/ p , 
32R516RM-8 


] H3Y 


H2Y [ 


8 17 


] HS1 


H4X [ 


9 


8 

Channels 


24 


] HS1 


HS1 [ 


9 


8 24 
Channels * H 


] H4X 


H3X [ 


9 16 


] VCC 


H4Y [ 


10 




23 


] HS2 


HS2 [ 


10 


23 


] H4Y 


H3Y [ 


10 15 


] WDI 


H5X [ 


11 




22 


] VCC 


VCC [ 


11 


22 


] H5X 


VCT [ 


11 14 


] WUS 


H5Y [ 


12 




21 


] WDI 


WDI [ 


12 


21 


] H5Y 


VDD2 [ 


12 13 


] VDD1 


H6X [ 
H6Y [ 


13 
14 




20 
19 


] WUS 
] VDD1 


WUS [ 
VDD1 [ 


13 
14 


20 
19 


] H6X 
] H6Y 




24-Lead SOL 




H7X [ 


15 




18 


] VDD2 


VDD2 [ 


15 


18 


] H7X 








H7Y [ 


16 




17 


] VCT 


VCT [ 


16 


17 


] H7Y 









32-Lead SOW 32-Lead SOW 

Mirror Image 
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PACKAGE PIN DESIGNATIONS (Continued) 



HOX [ 1 
HOY [ 2 
H1X [ 3 
H1Y [ 4 
H2X [ 5 
H2Y [ 6 
H3X [ 7 
H3Y [ 8 
H4X [ 9 
H4Y [ 10 
H5X [ 11 
H5Y [ 12 
H6X [ 13 
H6Y [ 14 
H7X [ 15 
H7Y [ 16 
VCT [ 17 



34 
33 
32 
31 
30 
29 
28 
27 

32R516-8/ 26 
32R516R-8 
8-Channels 25 

24 



] GND 
^ N/C 
] N/C 
] CS 
] R/W 
] WC 
] RDY 
] RDX 
] HSO 
] HS1 
] HS2 
] VCC 
] WDI 
] WUS 
] N/C 
] VDD1 
] VDD2 



GND [ 


1 




34 


] HOX 


N/C [ 


2 




33 


] H0Y 


N/C [ 


3 




32 


] H1X 


C3 [ 


4 




31 


] H1Y 


R/W [ 


5 




30 


] H2X 


WC [ 


6 




29 


] H2Y 


RDY [ 






28 


] H3X 


RDX [ 


8 




27 


] H3Y 


HSO [ 


9 


32R516-8/ 


26 


] H4X 






32R516R-8 






HS1 [ 


10 


8-Channels 


25 


] H4Y 


HS2 [ 


11 




24 


] H5X 


VCC [ 


12 




23 


] H5Y 


WDI [ 


13 




22 


] H6X 


WUS [ 


14 




21 


] H6Y 


N/C [ 


15 




20 


] H7X 


VDD1 [ 


16 




19 


] H7Y 


VDD2 [ 


17 




18 


] VCT 



34-Lead SOL 



34-Lead SOL 
Mirror Image 



THERMAL CHARACTERISTICS. 6ja 



24-lead 


SOL 


75°C/W 


28-lead 


PLCC 


65°C/W 


SOL 


75°C/W 


32-lead 


SOW 


60°C/W 


34-lead 


SOL 


70°C/W 


44-lead 


PLCC 


50°C/W 
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ORDERING INFORMATION 



PART DESCRIPTION 


ORDER NO. 


PKG. MARK 


SSI 32R516 


4-Channel SOL 


32R516-4CL 


32R516-4CL 


6-Channel PLCC 


32R516-6CH 


32R516-6CH 


6-Channel SOL 


32R516-6CL 


32R516-6CL 


8-Channel SOW 


32R516-8CW 


32R516-8CW 


8-Channel SOL 


32R516-8CL 


32R516-8CL 


SSI 32R516R 


4-Channel SOL 


32R516R-4CL 


32R516R-4CL 


6-Channel PLCC 


32R516R-6CH 


32R516R-6CH 


6-Channel SOL 


32R516R-6CL 


32R516R-6CL 


8-Channel SOW 


32R516R-8CW 


32R516R-8CW 


8-Channel SOL 


32R516R-8CL 


32R516R-8CL 


SSI32R516M 


6-Channel SOL 


32R516M-6CL 


32R516M-6CL 


8-Channel SOW 


32R516M-8CW 


32R516M-8CW 


8-Channel SOL 


32R516M-8CL 


32R516M-8CL 


SSI 32R516RM 


6-Channel SOL 


32R516RM-6CL 


32R516RM-6CL 


8-Channel SOW 


32R516RM-8CW 


32R516RM-8CW 


8-Channel SOL 


32R516RM-8CL 


32R516RM-8CL 



No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders. 



Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680 (714) 573-6000, FAX (714) 573-6914 



1292 -rev 



1-29 



©1 989 Silicon Systems, Inc. 



Notes: 



1-30 



SwMSuskms 

A TDK Group /Company 



SSI 32R5161R 

10-Channel Ferrite/MIG 
Read/Write Device 



1 



DESCRIPTION 

The SSI 32R51 61 R is a bipolar monolithic integrated 
circuit designed for use with a center-tapped ferrite or 
MIG recording heads. The SSI 32R5161 R offers the 
performance upgrades of the SSI 32R51 1 along with 
improved head port characteristics and increased 
read gain. It provides a low noise read path, write 
current control, and data protection circuitry for as 
many as 10 channels. The SSI 32R5161R requires 
+5V and +12V power supplies and is available in a 
variety of packages. 



September 1992 

FEATURES 

• High performance 

Read mode gain = 150 V/V 

Input noise = 1.3 nV/Vfiz maximum 

Input capacitance = 18 pF 

Write current range = 10 mA to 60 mA 

• Enhanced system write to read recovery time 

• Power supply fault protection 

• Designed for center-tapped ferrite or MIG heads 

• Programmable write current source 

• Easily multiplexed for larger systems 

• Includes write unsafe detection 

• TTL compatible control signals 

• +5V, +12V power supplies 



BLOCK DIAGRAM 



PIN DIAGRAM 
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11 


26 


] VCC 


H4Y 


H5Y [ 


12 


25 


] WDI 


H5X 
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15 
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CAUTION: Use handling procedures necessary 
for a static sensitive component. 



SSI32R5161R 
10-Channel Ferrite/MIG 
Read/Write Device 



CIRCUIT OPERATION 

The SSI 32R51 61 R gives the userthe ability to address 
up to 10 center-tapped ferrite heads and provide write 
drive or read amplification. Head selection and mode 
control is accomplished using the HSn, CS and R/W 
inputs as shown in tables 1 & 2. Internal pullups are 
provided for the CS & R/W inputs to force the device 
into a non-writing condition if either control line is 
opened accidentally. 



TABLE 1: Mode Select 



CS 


R/W 


MODE 








Write 





1 


Read 


1 


X 


Idle 



TABLE 2: Head Select 



HS3 


HS2 


HS1 


HSO 


HEAD 


























1 


1 








1 





2 








1 


1 


3 





1 








4 





1 





1 


5 





1 


1 





6 





1 


1 


1 


7 


1 











8 


1 








1 


9 



= Low level 1 = High level 



WRITE MODE 

Taking both CS and R/W low selects write mode which 
configures the SSI 32R51 61 R as a current switch and 
activates the Write Unsafe (WUS) detector circuitry. 
Write current is toggled between the X and Y side of the 
selected head on each high to low transition of the 
Write Data Input (WDI). Note that a preceding read 
mode selection initializes the Write Data Flip-Flop, 
WDFF, to pass write current through the "X" side of the 
head. The zero-peak write current magnitude is pro- 
grammed by an external resistor Rwc from pin WC to 
GND and is given by: 

Iw = K/Rwc, where K = Write Current Constant 



The Write Unsafe detection circuitry monitors voltage 
transitions at the selected head connections and flags 
any of the following conditions as a high level on the 
Write Unsafe open collector output: 

• Head open • Head center tap open 

• WDI frequency too low • Device in read mode 

• Device not selected • No write current 

Two negative transitions on WDI, after the fault is 
corrected, will clear the WUS flag. 

To further assure data security a voltage fault detection 
circuit prevents application of write current during 
power loss or power sequencing. 

To enhance write to read recovery time the change in 
RDX, RDY common mode voltage is minimized by 
biasing these outputs to a level within the read mode 
range when in write mode. 

Power dissipation in write mode may be reduced by 
placing a resistor (RCT) between VDD1 &VDD2. The 
optimum resistor value is82£2x 60/lw (Iwin mA). At low 
write currents (<15 mA) read mode dissipation is 
higher than write mode and RCT, though recom- 
mended, may not be considered necessary. In this 
case VDD2 is connected directly to VDD1 . 

READ MODE 

Taking CS low and R/W high selects read mode which 
configures the SSI 32R5161 R as a low noise differen- 
tial amplifier for the selected head. The RDX and RDY 
outputs are driven by emitterfollowers and are in phase 
with the "X" and "Y" head ports. These outputs should 
be AC coupled to the load. The internal write current 
source is gated off in read mode eliminating the need 
for any external gating. 

Read mode selection also initializes the Write Data 
Flip-Flop (WDFF) to pass write current through the "X" 
side of the head at a subsequent write mode selection. 

IDLE MODE 

Taking CS high selects the idle mode which switches 
the RDX, RDY outputs into a high impedance state and 
deactivates the internal write current source. This 
facilitates multi-device installations by allowing the 
read outputs to be wire OR'ed and the write current 
programming resistor to be common to all devices. 
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SSI 32R5161R 
10-Channel Ferrite/MIG 
Read/Write Device 



PIN DESCRIPTION 



NAME 


I/O 


DESCRIPTION 


HS0-HS2 


I 


Head Select 


cs 


I 


Chip Select: a low level enables device 


R/W 


I 


Read/Write: a high level selects read mode 


WUS 


0* 


Write Unsafe: a high level indicates an unsafe writing condition 


WDI 


I 


Write Data In: negative transition toggles direction of head current 


H0X-H7X 
H0Y-H7Y 


I/O 


X,Y head connections 


RDX, RDY 


0* 


X, Y Read Data: differential read signal out 


WC 




Write Current: used to set the magnitude of the write current 


VCT 




Voltage Center Tap: voltage source for head center tap 


VCC 




+5V 


VDD1 




+12V 


VDD2 




Positive power supply for the center tap voltage source 


GND 




Ground 



*When more than one R/W device is used, these signals can be wire OR'ed. 
ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS (All voltages referenced to GND. Currents into device are positive.) 



PARAMETER 


VALUE 


UNITS 


DC Supply Voltage 


VDD1 


-0.3 to +14 


VDC 


DC Supply Voltage 


VDD2 


-0.3 to +14 


VDC 


DC Supply Voltage 


VCC 


-0.3 to +6 


VDC 


Digital Input Voltage Range 


VIN 


-0.3 to VCC + 0.3 


VDC 


Head Port Voltage Range 


VH 


-0.3 to VDD1 +0.3 


VDC 


WUS Pin Voltage Range 


Vwus 


-0.3 to +14 


VDC 


Write Current Zero Peak 


IW 


90 


mA 


RDX, RDy Output Current 


lo 


-10 


mA 


VCT Output Current 


IVCT 


-90 


mA 


WUS Output Current 


Iwus 


+12 


mA 


Storage Temperature Range 


Tstg 


-65 to 150 


°C 


Lead Temperature PDIP, Flat Pack 
(10 sec Soldering) 


260 


°C 


Package Temperature PLCC, SO 
(20 sec Reflow) 


215 


°C 
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SSI32R5161R 
10-Channel Ferrite/MIG 
Read/Write Device 



RECOMMENDED OPERATION CONDITIONS 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNITS 


DC Supply Voltage 


VDD1 




10.8 


12.0 


13.2 


VDC 


DC Supply Voltage 


VCC 




4.5 


5.0 


5.5 


VDC 


Head Inductance 


Lh 




5 




10 


MJH 


RCT Resistor 


RCT* 


Iw = 60 mA 




82 




Q 


Write Current 


IW 




10 




60 


mA 


Junction Temperature Range 


Tj 




+25 




+135 


°C 



*For Iw = 60 mA. At other Iw levels refer to Applications Information that follows this specification. 
DC CHARACTERISTICS 

(Unless otherwise specified, recommended operating conditions apply.) 
POWER SUPPLY 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNITS 


VCC Supply Current 


Read/Idle Mode 






30 


mA 


Write Mode 






30 


mA 


VDD Supply Current 
(sum of VDD1 andVDD2) 


Idle Mode 






20 


mA 


Read Mode 






40 


mA 


Write Mode 






20 + lw 


mA 


Power Dissipation (Tj = +125°C) 


Idle Mode 






400 


mW 


Read Mode 






620 


mW 


Write Mode, IW = 45 mA, 
RCT = 0Q 






800 


mW 


Write Mode, IW = 45 mA, 
RCT= 110Q 






610 


mW 


Write Mode, IW = 60 mA 
RCT = 82ft 






680 


mW 
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SSI 32R5161R 
10-Channel Ferrite/MIG 
Read/Write Device 



DC CHARACTERISTICS (continued) 



DIGITAL I/O 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNITS 


VIL Input Low Voltage 








0.8 


VDC 


VIH Input High Voltage 




2.0 




VCC 
+ 0.3 


VDC 


IIL Input Low Current 


VIL = 0.8V 


-0.4 






mA 


IIH Input High Current 


VIH = 2.0V 






100 


MA 


VOL WUS Output Low Voltage 


IOL = 8mA 






0.5 


VDC 


IOH WUS Output High Current 


VOH = 5.0V 






100 


uA 



WRITE MODE 



Center Tap Voltage VCT 


Write Mode 




6.9 




VDC 


Head Current (per side) 


Write Mode, 
< VCC < 3.7V, 
< VDD1 <8.7V 


-200 




200 


uA 


Write Current Range 




10 




60 


mA 


Write Current Constant "K" 


IW = 10-60 mA 


2.375 




2.80 


V 


Iwc to Head Current Gain 






0.99 




mA/mA 


Unselected Head Leakage Current 








85 


uA 


RDX, RDY Output Offset Voltage 


Write/Idle Mode 


-20 




+20 


mV 


RDX, RDY Common Mode 


Write/Idle Mode 




5.5 




VDC 


Output Voltage 












RDX, RDY Leakage 


RDX, RDY = 6V 
Write/Idle Mode 


-100 




100 


uA 



READ MODE 



Center Tap Voltage 


Read Mode 




4.2 




VDC 


Head Current (per side) 


Read or Idle Mode 
< VCC < 5.5V 
0<VDD1 < 13.2V 


-200 




200 


uA 


Input Bias Current (per side) 








45 


ma 


Input Offset Voltage 


Read Mode 


-4 




+4 


mV 


Common Mode Output Voltage 


Read Mode 


4.5 


5.5 


6.5 


VDC 
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SSI32R5161R 
10-Channel Ferrite/MIG 
Read/Write Device 



DYNAMIC CHARACTERISTICS AND TIMING 

(Unless otherwise specified, recommended operating conditions apply and IW = 35 mA, Lh = 5 u.H, 
f(WDI) = 5 MHz, CL(RDX, RDY) < 35 pF.) 



WRITE MODE 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNITS 


Differential Head Voltage Swing 




7.0 






V(pk) 


Unselected Head Transient Current 








2 


mA(pk) 


Differential Output Capacitance 








15 


PF 


Differential Output Resistance 




430 


650 


870 


Q 


WDI Transition Frequency 


WUS = low 


125 






kHz 



READ MODE 



Differential Voltage Gain 


Vin = 1 mVpp @ 300 kHz, 
RL(RDX), RL(RDY) 
= 1 KQ 


120 


150 


180 


V/V 


Dynamic Range 


AC Input Voltage, Vi, 

Where Gain Falls 

by 10%. V + f = 300 KHz 


-3 






mVpp 


Bandwidth (-3dB) 


|Zs| < 5Q, Vin = 1 mVpp 


30 






MHz 


Input Noise Voltage 


BW= 15 MHz, 
Lh = 0, Rh = 




1.0 


1.3 


nV/VHz 


Differential Input Capacitance 


f = 5 MHz 




14 


18 


PF 


Differential Input Resistance 


32R5161R,f = 5 MHz 


350 




800 


Q 


Common Mode Rejection Ratio 


Vcm = VCT + 100 mVpp 
@5MHz 


50 






dB 


Power Supply Rejection Ratio 


100 mVpp@ 5 MHz on 
VDD1, VDD2 or VCC 


45 






dB 


Channel Separation 


Unselected Channels: 
Vin=100 mVpp@5MHz; 
Selected Channel: 
Vin = mVpp 


45 






dB 


Single Ended Output Resistance 


f = 5 MHz 






30 


Q 


Output Current 


AC Coupled Load, 
RDX to RDY 


±2.1 






mA 
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SSI 32R5161R 
10-Channel Ferrite/MIG 
Read/Write Device 



DYNAMIC CHARACTERISTICS AND TIMING (continued) 
SWITCHING CHARACTERISTICS 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNITS 


R/W To Write 


Delay to 90% of 

YA/rito On front 




.15 


.7 


us 


R/WtoRead 


Delay to 90% of 

100 mV, 10 MHz Read 

Oiy l idl dl ivclUJJc Ul 

to 90% decay of 
Write Current 




.25 


.7 


us 


CS to Select 


Delay to 90% of Write 
Current or to 90% of 
100 mV, 10 MHz Read 
Signal Envelope 




.2 


1.0 


us 


CS to Unselect 


Delay to 90% Decay 
of Write Current 




.1 


1.0 


us 


HSO - HS2 to any head 


Delay to 90% of 100 mV, 
10 MHz Read Signal 
Envelope 




.25 


1.0 


us 


WUS, Safe to Unsafe - TD1 


Iw = 35 mA 


1.6 




8.0 


us 


WUS, Unsafe to Safe - TD2 


Iw = 35 mA 






1.0 


us 


Head Current (Lh = uH, Rh = OQ) 


Prop. Delay - TD3 


From 50% Points 






25 


ns 


Asymmetry 


WDI has 50% Duty Cycle 
and 1 ns Rise/Fall Time 






1 


ns 


Rise/Fall Time 


10% -90% Points 






20 


ns 



1 



HEAD 
CURRENT 
(Ix-ly) 



TD2 ► 



FIGURE 1 : Write Mode Timing Diagram 
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SSI 32R5161R 
10-Channel Ferrite/MIG 
Read/Write Device 



see Note 3 j ' > 

100 pF =4" 




see Note 1 
- RCT , 



VCC VDD1 VDD2 VCT 



HOY 
H1X 

H1Y 
H2X 

H2Y 
H3X 

H3Y 
H4X 

H4Y 
H5X 

H5Y 
H6X 

H6Y 
H7X 

H7Y 
H8X 

H8Y 
H9X 



RWC: 
see Note 4 



J- 



3- 



3- 



J- 



NOTES 

1 . An external resistor, RCT, given by; RCT = 82 (60/lw) where Iw is the zero-peak write current in mA, 
can be used to limit internal power dissipation. Otherwise connect VDD2 to VDD1 . 

2. Limit DC current from RDX and RDY to 1 00 uA and load capacitance to 20 pF. In multi-chip application 
these outputs can be wire-OR'ed. 

3. The power bypassing capacitor must be located close to the 32R51 61 R with its ground returned directly 
to device ground, with as short a path as possible. 

4. To reduce ringing due to stray capacitance this resistor should be located close to the 32R5161R. 
Where this is not desirable a series resistor can be used to buffer a long WC line. In multi-chip 
applications a single resistor common to all chips may be used. 



FIGURE 2: Applications Information 
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SSI 32R5161R 
10-Channel Ferrite/MIG 
Read/Write Device 



1 



PACKAGE PIN DESIGNATIONS 

(Top View) 



THERMAL CHARACTERISTICS: 0ja 



36-lead 



SOM 



50°C/W 



HOX [ 1 
HOY [ 2 
H1X [ 3 
H1Y [ 4 
H2X [ 5 
H2Y [ 6 
H3X [ 7 
H3Y [ 8 
H4X [ 9 
H4Y [ 10 
H5X [ 11 
H5Y [ 12 
H6X [ 13 
H6Y [ 14 
H7X [ 15 
H7Y [ 16 
H8X [ 17 
H8Y [ 18 



36 ] GND 

35 ] HS3 

34 ]CS 

33 ] FVW 

32 ] WC 

31 ] RDY 

30 ] RDX 

29 ] HSO 

28 ] HS1 

27 ] HS2 

26 ] VCC 

25 ] WDI 

24 ] WUS 

23 ] VDD1 

22 ] VDD2 

21 ] VCT 

20 ] H9Y 

19 ] H9X 



36-Lead SOM 



ORDERING INFORMATION 



PART DESCRIPTION 


ORDERING NO. 


PKG. MARK 


SSI 32R51 61 R Read/Write Device 


10-Channel SOM 


32R5161R-10CM 


32R5161R-10CM 



No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other 
rights of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. 
Silicon Systems reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to 
verify that the data sheet is current before placing orders. 
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DESCRIPTION 

The SSI 32R528R Read/Write device is a bipolar 
monolithic integrated circuit designed for use with 
two terminal thin film recording heads. It provides a low 
noise read amplifier, write current control and data 
protection circuitry for eight or nine channels. Power 
supply fault protection is provided by disablingthe write 
current generator during power sequencing. System 
write to read recovery time is significantly improved by 
controlling the read channel common mode output 
voltage shift in the write mode. It requires +5V and 
+12V power supplies and is available in a 36 SOM 
package. A mirror image pinout option is available to 
simplify flex circuit layout in multiple R/W device appli- 
cations. The SSI 32R528R provides internal .700Q 
damping resistors. 



SSI 32R528R 

9-Channel Thin Film 
Read/Write Device 



Preliminary Data 



November 1991 

FEATURES 

• High performance: 

Read mode gain = 150 V/V 
Input noise = 0.85 nV/Vfiz max. 
Input capacitance = 35 pF max. 
Write current range = 10 mA to 40 mA 
Head voltage swing = 7 Vpp 
Write current rise time = 9 ns 

• Enhanced system write to read recovery time 

• Differential ECL-like Write Data input 

• Power supply fault protection 

• Compatible with two & three terminal TFH 

• Write unsafe detection 

• +5V, +1 2V power supplies 



BLOCK DIAGRAM 

wus 

T 



PIN DIAGRAM 
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6 
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] RDY 


H1Y 






H2X 
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] RDX 
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H3Y [ 
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29 


] HS0 


H3X 


H4X [ 


9 


28 


] HS1 


H3Y 


H4Y [ 


10 


27 


] HS2 


H4X 


H5X [ 


11 


26 


] VCC 


H4Y 


H5Y [ 


12 


25 


] WD 


H5X 


H6X [ 


13 


24 


] WTJ 


H5Y 


H6Y [ 


14 


23 


] WUS 


H6X 


H7X [ 


15 


22 


] VDD1 


H6Y 


H7Y [ 


16 


21 


] VDD2 


H7X 


H8X [ 


17 


20 


] N/C 


H7Y 


H8Y [ 


18 


19 


] N/C 


H8X 


36-Lead SOM 


H8Y 











CAUTION: Use handling procedures necessary 
for a static sensitive component. 
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SSI 32R528R 
9-Channel Thin Film 
Read/Write Device 



CIRCUIT OPERATION 

The SSI 32R528R addresses up to nine two-terminal 
thin film heads providing write drive or read amplifica- 
tion. Head selection and mode control is accomplished 
with pins HSn, CS and R/W, as shown in Tables 1 & 2. 
Internal resistor pullups, provided on pins CS and R/W 
will force the device into a non-writing condition if either 
control line is opened accidentally. 

WRITE MODE 

The write mode configures the SSI 32R528R as a 
current switch and activates the Write Unsafe (WUS) 
detection circuitry. Write current is toggled between the 
X and Y direction of the selected head on each low to 
high transition of the WD, Write Data Input. 

A preceding read operation initializes the Write Data 
Flip Flop (WDFF) to pass write current in the X- 
direction of the head, i.e. into the X-port. 

The magnitude of the write current (0-pk) given by: 
RWC 

where Vwc (WC pin voltage) = 1 .65V ± 5%, is pro- 
grammed by an external resistor RWC, connected 
from pin WC to ground. In multiple device applications, 
a single RWC resistor may be made common to all 
devices. The actual head current Ix, y is given by: 

lx,y= — !w — 
1+Rh/Rd 

where: 

Rh = head resistance + external wire resistance, and 
Rd = damping resistance. 

Power supply fault protection improves data security 
by disabling the write current generator during a volt- 
age fault or power supply sequencing. Additionally, the 
write unsafe detection circuitry will flag any of the 
conditions listed below as a high level on the open 
collecto r outp ut pin, WUS. Two negative transitions on 
the WD/WD lines, after the fault is corrected, are re- 
quired to clear the WUS flag. 

• WD frequency too low • Device in read mode 

• Device not selected • No write current 

• Head open 

Power dissipation in Write Mode may be reduced by 



placing a resistor, Rw, between VDD1 and VDD2. The 
resistor value should be chosen such that Iw Rw < 3.0V 
for an accompanying reduction of (Iw) 2 Rw in power 
dissipation. If a resistor is not used, VDD2 should be 
connected to VDD1 . Note that Rw will also provide 
current limiting in the event of a head short. 

READ MODE 

The read mode configures the SSI 32R528R as a low 
noise differential amplifier and deactivates the write 
current generator and write unsafe detection circuitry. 
The RDX and RDY outputs are emitter followers and 
are in phase with the "X" and "Y" head ports. These 
outputs should be AC coupled to the load. The RDX, 
RDY common mode voltage is maintained at the write 
mode value, minimizing the transient between write 
mode and read mode, substantially reducing the write 
to read recovery time in the subsequent Pulse Detec- 
tion circuitry. 

IDLE MODE 

The idle mode deactivates the internal write current 
generator, the write unsafe detector and switches the 
RDX, RDY outputs into a high impedance state. This 
facilitates multiple device applications by enabling the 
read outputs to be wire OR'ed and the write current 
programming resistor to be common to all devices. 



TABLE 1 : Mode Select 



CS 


R/W 


MODE 








Write 





1 


Read 


1 





Idle 


1 


1 


Idle 



TABLE 2: Head Select 



HS3 


HS2 


HS1 


HSO 


HEAD 


























1 


1 








1 





2 








1 


1 


3 





1 








4 





1 





1 


5 





1 


1 





6 





1 


1 


1 


7 


1 











8 



= Low level 1 = High level 
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SSI 32R528R 
9-Channel Thin Film 
Read/Write Device 
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PIN DESCRIPTIONS 



NAME 


TYPE 


DESCRIPTION 


HoU - Moo 


i 
I 


neao oGiect. 1 1 l level 


cs 


I 


ChiD Splpct* a low TTL IpvpI pnahlp«» thp ripx/irp 


R/W 


1 


RpflH/WritP" a hinh TTI Ipx/pI <?p|pptQ Rpari morlp 


WUS 


0* 


Writp Un^afp' Onpn nollpntor outnut a hinh Ipx/pI inriiratp^ an un^afp writinn 

VVIIIVs <J 1 Iwdl w • V-/ |Jv 1 1 wvllCV/lwl UUIUUI| Cl 1 liyi 1 ICVCI II IVJIwCliwO Cl 1 1 UIIOCllw WIHIIIVJ 

condition 


WD, WD 


1 


Differential Write Data inputs: a positive transition on WD toggles the direction 
of the head current 


HOX - H8X 
HOY - H8Y 


I/O 


X, Y Head Connections: Current in the X-direction flows into the X-port 


RDX, RDY 


0* 


X, Y Read Data: differential read data output 


WC 


* 


Write Current: used to set the magnitude of the write current 


VCC 




+5V Logic Circuit Supply 


VDD1 




+12V 


VDD2 




Positive Power Supply for Write current drivers 


GND 




Ground 



*When more than one R/W device is used, these signals can be wire OR'ed. 

ELECTRICAL SPECIFICATIONS 
ABSOLUTE MAXIMUM RATINGS 

Operation outside these rating limits may permanently damage the device. 



PARAMETER 


SYMBOL 


VALUE 


UNITS 


DC Supply Voltage 


VDD1.2 


-0.3 to +14 


VDC 


VCC 


-0.3 to +7 


VDC 


Write Current 


Iw 


100 


mA 


Digital Input Voltage 


Vin 


-0.3 to VCC +0.3 


VDC 


Head Port Voltage 


VH 


-0.3 to VDD2 +0.3 


VDC 


WUS Pin Voltage Range 


Vwus 


-0.3 to +14 


VDC 


Output Current 


RDX, RDY 


lo 


-10 


mA 


WUS 


Iwus 


+12 


mA 


Storage Temperature 


Tstg 


-65 to +150 


°C 
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SSI 32R528R 
9-Channel Thin Film 
Read/Write Device 



RECOMMENDED OPERATING CONDITIONS 



PARAMETER 


SYMBOL 


VALUE 


UNITS 


DC Supply Voltage 


VDD1 


12 ±10% 


VDC 


VDD2 


VDD1 - 3.0 to VDD1 


VDC 


VCC 


5 ±10% 


VDC 


Operating Temperature 


Tj 


Oto +135 


°C 



DC CHARACTERISTICS 

Unless otherwise specified, recommended operating conditions apply. 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNITS 


VDD1 Supply Current 


Read Mode 






42 


mA 


Write Mode 


_ 


_ 


50 


mA 


Idle Mode 


- 


- 


22 


mA 


VDD2 Supply Current 


Read Mode 


- 


- 


200 


uA 


Write Mode 


- 


- 


Iw + 0.4 


mA 


Idle Mode 






200 


uA 


VCC Supply Current 


Read Mode 


- 


- 


68 


mA 










mA 


Idle Mode 


- 


- 


55 


mA 


Power Dissipation (Tj = +1 35°C) 


Read Mode 






850 


mW 


Write Mode: Iw = 20 mA, 
VDD2 = VDD1 






1100 


mW 


Write Mode: Iw = 40 mA, 
VDD1 - VDD2 = 3.0V 






1200 


mW 


Idle Mode 






550 


mW 


WD, WD Input Low Current (IIL1) 


VIL1 = VCC -1.625V 






80 


uA 


WD, WD Input High Current (IIH1) 


VIH1 = VCC -0.72V 






100 


HA 


WD, WD Input Low Voltage (VIL1) 




VCC 
-1.870 




VCC 
-1.625 


VDC 


WD, WD Input High Voltage (VIH1) 




VCC 
-1.00 




VCC 
-0.720 


VDC 


R/W, CS, HS0-HS3 


VIL2 = 0.8V 


-0.4 






mA 


Input Low Current (IIL2) 












R/W, CS, HS0-HS3 
Input High Current (IIH2) 


VIH2 = 2.0V 






100 


uA 


R/W, CS, HS0-HS3 
Input Low Voltage (VIL2) 








0.8 


VDC 


R/W, CS, HS0-HS3 
Input High Voltage (VIH2) 




2.0 






VDC 
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1 



DC CHARACTERISTICS (Continued) 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNITS 


WUS Output Low Voltaae (VOL) 


ILUS = 8.0 mA 






0.5 


VDC 


VDD Fault Voltage 




8.5 




10.0 


VDC 


VCC Fault Voltage 




3.5 




4.2 


VDC 


Head Current (HnX, HnY) 


Write Mode, < VCC < 3.5V 
0<VDD1 <8.5V 


-200 




+200 


HA 


Read/Idle Mode 
< VCC < 5.5V 
0<VDD1 < 13.2V 


-200 




+200 


ma 


WRITE CHARACTERISTICS 

Unless otherwise specified, recommended operating conditions apply, Iw = 20 mA, Lh = 1 .0 n.H, Rh = 30Q 
and /(WD) = 5 MHz. 


PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNITS 


WC Pin Voltage (Vwc) 




1.57 


1.65 


1.73 


V 


Differential Head Voltage Swing 




7 






Vpp 


Unselected Head Current 








1 


mA(pk) 


Differential Output Capacitance 








25 


PF 


Differential Output Resistance 


32R528R 


500 


700 


950 


ft 


WD Transition Frequency 


WUS = low 


1.7 






MHz 


Write Current Range 


0-pk 


10 




40 


mA 



READ CHARACTERISTICS 

Unless otherwise specified, recommended operating conditions apply CL (RDX, RDY) < 20 pF and 
RL (RDX.RDY) = 1 k£l 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNITS 


Differential Voltage Gain 


Vin = 1 mVpp @ 1 MHz 


125 




175 


v/v 


Bandwidth 


-1dB 


|Zs| < 5a, Vin=1 mVpp 


25 






MHz 


-3dB 


|Zs| < 5Q, Vin=1 mVpp 


45 






MHz 


Input Noise Voltage 


BW=15MHz, Lh = 0, Rh = 




0.62 


0.85 


nV/VHz 


Differential Input Capacitance 


Vin = 1 mVpp, / = 5 MHz 






35 


PF 


Differential Input 32R528R 
Resistance 


Vin = 1 mVpp, / = 5 MHz 


300 






Q 


Dynamic Range 


Peak-to-peak ac input voltage 
where gain falls to 90% of its 
small signal value, / = 5 MHz 


6 






mVpp 
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READ CHARACTERISTICS (Continued) 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNITS 


vsomrnoN moub rtejcuiion ridiiu 


\/in — fi V/nOxinn m\/nn (rft R MI-I7 

vifi = u vuv/t 1 uu iiivpp ivinz 








UD 


Power Supply Rejection Ratio 


1 00 mVpp @ 5 MHz on VDD1 
100 mVpp @ 5 MHz on VCC 


54 






dB 


Channel Separation 


Unselected channels driven 
with 100 mVpp@5MHz, 
Vin = mVpp 


45 






dB 


Output Offset Voltage 




-360 




+360 


mV 


RDX, RDY Common Mode 
Output Voltage 


Read Mode 


2.2 


2.9 


3.6 


VDC 


Write Mode 




2.9 




VDC 


Single Ended Output Resistance 


/ = 5 MHz 






40 


Q 


Output Current 


AC Coupled Load, RDX to RDY 


3.2 






mA 



SWITCHING CHARACTERISTICS (See Figure 1) 

Unless otherwise specified, recommended operating conditions apply, Iw = 20 mA, Lh = 1.0 u.H, Rh - 30Q 
and /(WD) = 5 MHz. 



PARAMETER 


CONDITIONS 


MIN 


MAX 


UNITS 


R/W 


R/W to Write Mode 


Delay to 90% of write current 




0.6 


M.S 


R/W to Read Mode 


Delay to 90% of 100 mV 10 MHz 
Read signal envelope or to 90% 
decay of write current 




0.6 


U.S 


CS 


CS to Select 


Delay to 90% of write current or to 
90% of 100 mV 10 MHz Read 
signal envelope 




0.6 


|IS 


CS to Unselect 


Delay to 1 0% of write current 




0.6 


us 


HSn 


HS0, 1,2, 3 to any Head 


Delay to 90% of 100 mV 10 MHz 
Read signal envelope 




0.4 


US 


WUS 


Safe to Unsafe - TD1 




0.6 


3.6 


|1S 


Unsafe to Safe - TD2 






1 


JLIS 


Head Current 


Prop. Delay - TD3 


From 50% points, Lh=0uh, Rh=0Q 




32 


ns 


Asymmetry 


WD has 50% duty cycle and 1 ns 
rise/fall time, Lh=0uh, Rh=0& 




1 


ns 


Rise/Fall Time 


10% - 90% points, Lh=0u.h, Rh=0Q 




9 


ns 
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1 



(WD-WP)^ 



r WVW 



HEAD 
CURRENT 
(Ix-ly) 



A 



FIGURE 1: Write Mode Timing Diagram 
APPLICATIONS INFORMATION 

The specifications, provided in the data section, account for the worst case values of each parameter taken 
individually. In actual operation, the effects of worst case conditions on many parameters correlate. Tables 3 & 
4 demonstrate this for several key parameters. Notice that under the conditions of worst case input noise, the 
higher read back signal resulting from the higher input impedance can compensate for the higher input noise. 
Accounting for this correlation in your analysis will be more representative of actual performance. 

TABLE 3: Key Parameters Under Worst Case Input Noise Conditions 



PARAMETER 


Tj = 25°C 


Tj = 135°C 


UNITS 


Input Noise Voltage (Max.) 


0.70 


0.85 


nV/VHz 


Differential Input Resistance (Min.) 


32R528R 


390 


420 


a 


Differential Input Capacitance (Max.) 


32 


34 


PF 


TABLE 4: Key Parameters Under Worst Case Input Impedance Conditions 


PARAMETER 


Tj = 25°C 


Tj = 135°C 


UNITS 


Input Noise Voltage (Max.) 


0.58 


0.71 


nV/VRz 


Differential Input Resistance (Min.) 


32R528R 


310 


350 


Q. 


Differential Input Capacitance (Max.) 


33 


35 


PF 
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PACKAGE PIN DESIGNATIONS 

(Top View) 



THERMAL CHARACTERISTICS: 0ja 



hox r 


1 


36 


] GND 


GND £ 


1 


36 


D HOX 


HOY L 


2 


35 


] HS3 


HS3 [ 


2 


35 




H1X [ 


3 


34 


] C"5 


C"S~ [ 


3 


34 


] H1X 


H1Y [_ 


4 


33 






4 


33 




H2X [ 


5 


32 


] wc 


wc [ 


5 


32 


1 H2X 


H2Y [ 


6 


31 


] RDY 


RDY [ 


g 


31 




H3X [ 


7 


30 


] RDX 


RDX [ 


7 


30 


] H3X 


H3Y [ 


8 


29 


] HSO 


HSO [ 


8 


29 


] H3Y 


H4X [ 


9 


28 


] HS1 


HS1 [ 


9 


28 


] H4X 


H4Y [ 


10 


27 


]HS2 


HS2 [ 


10 


27 


] H4Y 


H5X [ 


11 


26 


] VCC 


VCC [ 


11 


26 


] H5X 


H5Y [ 


12 


25 


] WD 


WD [ 


12 


25 


] H5Y 


H6X [ 


13 


24 


] WD" 


wo" c 


13 


24 


] H6X 


H6Y [ 


14 


23 


] WUS 


wus r_ 


14 


23 


] H6Y 


H7X [ 


15 


22 


] VDD1 


VDD1 C 


15 


22 


] H7X 


H7Y [ 


16 


21 


] VDD2 


VDD2 C 


16 


21 


] H7Y 


H8X [ 


17 


20 


] N/C 


N/C [ 


17 


20 


] H8X 


H8Y [ 


18 


19 


]N/C 


N/C [ 


18 


19 


] H8Y 



36-Lead SOM 



50°C/W 



36-Lead SOM 



36-Lead SOM Mirror 



ORDERING INFORMATION 



PART DESCRIPTION 


ORDER NO. 


PKG. MARK 


SSI 32R528R with Internal Damping Resistor 


9-Channel SOM 


32R528R-9CM 


32R528R-9CM 


SSI 32R528R Mirror Image with Damping Resistor 


9-Channel SOM 


32R528RM-9CL 


32R528RM-9CL 



Preliminary Data: Indicates a product not completely released to production. The specifications are based on preliminary evaluations and 
are not guaranteed. Small quantities are available, and Silicon Systems should be consulted for current information. 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data sheet 
is current before placing orders. 



Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680 (714) 573-6000, FAX (714) 573-6914 



©1989 Silicon Systems, Inc. 
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DESCRIPTION 

The SSI 32R5281 R Read/Write device is a bipolar 
monolithic integrated circuit designed for use with two- 
terminal thin-film recording heads. It provides a low 
noise read amplifier, write current control and data 
protection circuitry for up to 1 4 channels. Power supply 
fault protection is provided by disabling the write cur- 
rent generator during power sequencing. System write 
to read recovery time is significantly improved by 
controlling the read channel common mode output 
voltage shift in the write mode. It requires +5V and 
+12V power supplies and provides internal 700Q 
damping resistors. 



SSI 32R5281 R 
14-Channel Two-Terminal 
Read/Write Device 



Advance Information 



November 1991 

FEATURES 

• High performance: 

Read mode gain = 250 V/V 
Input noise = 0.85 nV/VRz max. 
Input capacitance = 35 pF max. 
Write current range = 10 mA to 40 mA 
Head voltage swing = 7 Vpp 
Write current rise time = 9 ns 

• Enhanced system write to read recovery time 

• Differential ECL-like Write Data input 

• Power supply fault protection 

• Write unsafe detection 

• +5V, +1 2V power supplies 



BLOCK DIAGRAM 



PIN DIAGRAM 




HOX C 


1 


44 


] H13Y 


HOY [ 


2 


43 


] H13X 


H1X 


3 


42 


] GND 


H1Y [ 


4 


41 


] HS3 


H2X [ 


5 


40 




H2Y [ 


6 


39 


] R/W 


H3X [ 


7 


38 


] WC 


H3Y [ 


8 


37 


] RDY 


H4X [ 


9 


36 


] RDX 


H4Y [ 


10 


35 


] HS0 


H5X [ 


11 


34 


] HS1 


H5Y [ 


12 


33 


] HS2 


H6X [ 


13 


32 


] VCC 


H6Y [ 


14 


31 


]WD 


H7X [ 


15 


30 


] WD 


H7Y [ 


16 


29 


] WUS 


H8X [ 


17 


28 


] GND 


H8Y [ 


18 


27 


] VDD 


H9X [ 


19 


26 


] H12Y 


H9Y [ 


20 


25 


] H12X 


H10X [ 


21 


24 


] H11Y 


H10Y [ 


22 


23 


] H11X 



44-LEAD SOM 



CAUTION: Use handling procedures necessary 
for a static sensitive component. 



1191 - rev. 
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SSI 32R5281R 
14-Channel Two-Terminal 
Read/Write Device 



CIRCUIT OPERATION 

The SSI 32R5281R addresses up to 1 4 two-terminal 
thin film heads providing write drive or read amplifica- 
tion. Head selection and mode control is accomplished 
with pins HSn, CS and R/W, as shown in Tables 1 & 2. 
Internal resistor pullups, provided on pins CS and R/W 
will force the device into a non-writing condition if either 
control line is opened accidentally. 

WRITE MODE 

The write mode configures the SSI 32R5281R as a 
current switch and activates the Write Unsafe (WUS) 
detection circuitry. Write current is toggled between 
the X and Y direction of the selected head on each low 
to high transition on the WD, Write Data input. (See 
figure 1 .) 

A preceding read operation initializes the Write Data 
Flip Flop (WDFF) to pass write current in the X- 
direction of the head, i.e., into the X-port. 

The magnitude of the write current (0-pk) is given by: 

Vwc 
lw=- — 
Rwc 

where Vwc (WC pin voltage) = 1 .65V ± 5%, is pro- 
grammed by an external resistor Rwc, connected from 
pin WC to ground. In multiple device applications, a 
single Rwc resistor may be made common to all de- 
vices. The actual head current Ix, y is given by: 

lx,y fcflt — 

1+Rh/Rd 

where: 

Rh = head resistance + external wire resistance, and 
Rd = damping resistance. 

Power supply fault protection improves data security 
by disabling the write current generator during a volt- 
age faultorpower supply sequencing. Additionally, the 
write unsafe detection circuitry will flag any of the 
conditions listed below as a high level on the open 
collector output pin, WUS. Two positive transitions on 
the WD, Write Data input line, after the fault is cor- 
rected, are required to clear the WUS flag. 

• WD frequency too low • Device in read mode 

• Device not selected • No write current 

• Open head 



READ MODE 

The read mode configures the SSI 32R5281 R as a low 
noise differential amplifier and deactivates the write 
current generator and write unsafe detection circuitry. 
The RDX and RDY outputs are emitter followers and 
are in phase with the "X" and "Y" head ports. These 
outputs should be AC coupled to the load. The RDX, 
RDY common mode voltage is maintained at the write 
mode value, minimizing the transient between write 
mode and read mode, substantially reducing the write 
to read recovery time in the subsequent Pulse Detec- 
tion circuitry. 

IDLE MODE 

The idle mode deactivates the internal write current 
generator, the write unsafe detector and switches the 
RDX, RDY outputs into a high impedance state. This 
facilitates multiple device applications by enabling the 
read outputs to be wire-OR'ed and the write current 
programming resistor to be common to all devices. 



TABLE 1: Mode Select 



CS 


R/W 


MODE 








Write 





1 


Read 


1 





Idle 


1 


1 


Idle 



TABLE 2: Head Select 



HS3 


HS2 


HS1 


HSO 


HEAD 


























1 


1 








1 





2 








1 


1 


3 





1 








4 





1 





1 


5 





1 


1 





6 





1 


1 


1 


7 













8 










1 


9 







1 





10 







1 


1 


11 




1 








12 




1 





1 


13 



= Low level 1 ■ High level 
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1 



PIN DESCRIPTION 



NAME 


TYPE 


DESCRIPTION 


MCA MOO 

HSO - HS3 


1 


Head Select 




i 
l 


Chip Select.' a low level enables the device 


n/W 


i 
I 


Read/Write; a high level selects Read mode 


\A/I IC 

WUo 


r\* 
U 


Write Unsafe; Open collector output, a high level indicates an unsafe writing 
condition 


WD, WD 


1 


Differential Write Data inputs: a positive transition on WD toggles the direction 
of the head current 


H0X-H13X 
H0Y-H13Y 


I/O 


X, Y Head Connections: Current in the X-direction flows into the X-port 


RDX, RDY 


0* 


X, Y Read Data: differential read data output 


WC 


* 


Write Current: used to set the magnitude of the write current 


VCC 




+5V Logic Circuit Supply 


VDD 




+12V 


GND 




Ground 



*When more than one R/W device is used, these signals can be wire OR'ed. 

ELECTRICAL SPECIFICATIONS 
ABSOLUTE MAXIMUM RATINGS 

Operation outside these rating limits may permanently damage the device. 



PARAMETER 


SYMBOL 


VALUE 


UNITS 


DC Supply Voltage 


VDD 


-0.3 to +14 


VDC 


VCC 


-0.3 to +7 


VDC 


Write Current 


Iw 


100 


mA 


Digital Input Voltage 


Vin 


-0.3 to VCC +0.3 


VDC 


Head Port Voltage 


VH 


-0.3 to VDD2 +0.3 


VDC 


WUS Pin Voltage Range 


Vwus 


-0.3 to +14 


VDC 


Output Current 


RDX, RDY 


lo 


-10 


mA 


WUS 


Iwus 


+12 


mA 


Storage Temperature 


Tstg 


-65 to +150 


°C 
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RECOMMENDED OPERATING CONDITIONS 



PARAMETER 


SYMBOL 


VALUE 


UNITS 


DC Supply Voltage 


VDD 


12 ± 10% 


VDC 


VCC 


5± 10% 


VDC 


Operating Temperature 


Tj 


+25 to +135 


°C 



DC CHARACTERISTICS 

Unless otherwise specified, recommended operating conditions apply. 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNITS 


VDD Supply Current 


Read Mode 


- 


30 


TBD 


mA 


Write Mode 




39 


TBD 


mA 


Idle Mode 




12 


TBD 


mA 


VCC Supply Current 


Read Mode 


- 


50 


TBD 


mA 


Write Mode 




32 


TBD 


mA 


Idle Mode 


- 


43 


TBD 


mA 


Power Dissipation (Tj = +1 35°C) 


Read Mode 






800 


mW 


Write Mode: Iw = 20 mA, 






1000 


mW 


Idle Mode 




360 


570 


mW 


\A/n \A/n Innnt I n\A/ Currant /III 1\ 


V ll_ I = Vvv - I .DcOv 








ii A 


WD, WD Input High Current (IIH1) 


VIH1 = VCC -0.72V 






100 


uA 


WD, WD Input Low Voltage (VIL1) 




VCC 
-1.870 




VCC 
-1.625 


VDC 


WD, WD Input High Voltage (VIH1) 




VCC 
-1.00 




VCC 
-0.720 


VDC 


R/W, CS, HS0-HS3 
Input Low Current (IIL2) 


VIL2 = 0.8V 


-0.4 






mA 


R/W, CS, HS0-HS3 
Input High Current (IIH2) 


VIH2 = 2.0V 






100 


HA 


R/W, CS, HS0-HS3 
Input Low Voltage (VIL2) 








0.8 


VDC 


R/W, CS, HS0-HS3 
Input High Voltage (VIH2) 




2.0 






VDC 


WUS Output Low Voltage (VOL) 


lol = 8 mA 






0.5 


VDC 


VDD Fault Voltage 




8.5 




10.0 


VDC 


VCC Fault Voltage 




3.5 




4.2 


VDC 
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DC CHARACTERISTICS (continued) 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNITS 


Head Current (HnX, HnY) 


Write Mode, 
< VCC < 3.5V 
< VDD1 < 8.5V 


-200 




+200 


ma 


Read/Idle Mode, 
< VCC < 5.5V 
0<VDD1 <13.2V 


-200 




+200 


uA 


WRITE CHARACTERISTICS 

Unless otherwise specified, recommended operating conditions apply, Iw = 20 mA, Lh = 
and f(WD) = 5 MHz. 


= 500 nH, Rh = 30Q 


WC Pin Voltage (Vwc) 






1 .65 ±5% 




V 


Differential Head Voltage Swing 


Iw = 40 mA 


7 






Vpp 


Unselected Head Current 








1 


mA(pk) 


Differential Output Capacitance 








25 


PF 


Differential Output Resistance 




500 


700 


950 


a 


WDI Transition Frequency 


WUS = low 


1.7 






MHz 


WUS = high 






500 


kHz 


Write Current Range 




10 




40 


mA 



READ CHARACTERISTICS 

Unless otherwise specified, recommended operating conditions apply CL (RDX, RDY) < 20pF and 
RL (RDX.RDY) = 1 kQ. 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNITS 


Differential Voltage Gain 


Vin=1mVpp@300 kHz 


210 


250 


290 


VA/ 


Bandwidth 


-1dB 


|Zs|<5£2, Vin=1 mVpp 


25 


40 




MHz 


-3dB 


|Zs|<5Q, Vin=1 mVpp 


35 


55 




MHz 


Input Noise Voltage 


BW= 15 MHz, Lh = 0, Rh = 




0.62 


0.85 


nV/VRz 


Differential Input Capacitance 


Vin = 1 mVpp, f = 5 MHz 






35 


PF 


Differential Input Resistance 


Vin = 1 mVpp, f = 5 MHz 


300 






Q 


Dynamic Range 


Peak-to-peak AC input voltage 
where gain falls to 90% of its 
small signal value, f = 5 MHz 


2.0 






mVpp 


Common Mode Rejection Ratio 


Vin = VDC+100 mVpp @ 5 MHz 


54 






dB 


Power Supply Rejection Ratio 


100 mVpp @ 5 MHz on VDD1 
100 mVpp @ 5 MHz on VCC 


54 






dB 


Channel Separation 


Unselected channels driven 
with 100 mVpp @ 5 MHz, 
Vin = mVpp 


45 






dB 
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SSI 32R5281R 
14-Channel Two-Terminal 
Read/Write Device 



READ CHARACTERISTICS (continued) 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNITS 


Output Offset Voltage 




-400 




+400 


mV 


RDX, RDY Common Mode 
Output Voltage 


Read Mode or Write Mode 


Vcc -2.5 


Vcc - 2.1 


Vcc -1.7 


VDC 


Single Ended Output Resistance 


f = 5 MHz 






30 


Q 


Output Current 


AC Coupled Load, 
RDX to RDY 


3.2 






mA 



SWITCHING CHARACTERISTICS (See Figure 1) 

Unless otherwise specified, recommended operating conditions apply, Iw = 20 mA, Lh = 500 nH, Rh = 30Q 
and f(WD) = 5 MHz. 



PARAMETER 


CONDITIONS 


MIN 


MAX 


UNITS 


R/W 


R/W to Write Mode 


Delay to 90% of write current 




0.6 


US 


R/W to Read Mode 


Delay to 90% of 100mV 10MHz 
Read signal envelope or to 90% 
decay of write current 




0.6 


US 


CS 


CS to Select 


Delay to 90% of write current or to 
90% of 100mV 10MHz Read 
signal envelope 




0.6 


jLLS 


CS to Unselect 


Delay to 90% of write current 




0.6 


|IS 


HSn 


HS0, 1, 2, 3 to any Head 


Delay to 90 % of 1 0OmV 1 0MHz 
Read signal envelope 




0.4 


|IS 


WUS 


Safe to Unsafe - TD1 




0.6 


3.0 


(IS 


Unsafe to Safe - TD2 






1 


|IS 


Head Current 


Prop. Delay - TD3 


From 50 % points, Lh=0|ih, Rh=0Q 




32 


ns 


Asymmetry 


WD has 50 % duty cycle and 
1ns rise/fall time, Lh=0|Lih, Rh=0Q 




0.5 


ns 


Rise/Fall Time 


10% - 90% points, Lh=0|ih, Rh=0O 




9 


ns 
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SSI 32R5281R 
14-Channel Two-Terminal 
Read/Write Device 



1 



(WD -WO) 



J 



r wvw 



HEAD 
CURRENT 
(Ix-ly) 



A 



FIGURE 1: Write Mode Timing Diagram 



APPLICATIONS INFORMATION 



The specifications, provided in the data section, account for the worst case values of each parameter taken 
individually. In actual operation, the effects of worst case conditions on many parameters correlate. Tables 3 & 
4 demonstrate this for several key parameters. Notice that under the conditions of worst case input noise, the 
higher read back signal resulting from the higher input impedance can compensate for the higher input noise. 
Accounting for this correlation in your analysis will be more representative of actual performance. 



TABLE 3: Key Parameters Under Worst Case Input Noise Conditions 



PARAMETER 


Tj = 25°C 


Tj = 135°C 


UNITS 


Input Noise Voltage (Max.) 


0.70 


0.85 


nV/VRz 


Differential Input Resistance (Min.) 


390 


420 


Q 


Differential Input Capacitance (Max.) 


32 


34 


PF 



TABLE 4: Key Parameters Under Worst Case Input Impedance Conditions 



PARAMETER 


Tj = 25°C 


Tj = 135°C 


UNITS 


Input Noise Voltage (Max.) 


0.58 


0.71 


nV/VHz 


Differential Input Resistance (Min.) 


310 


350 




Differential Input Capacitance (Max.) 


33 


35 


PF 
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SSI 32R5281R 
14-Channel Two-Terminal 
Read/Write Device 



PACKAGE PIN DESIGNATIONS 

(Top View) 



THERMAL CHARACTERISTICS: 0ja 



HOX [| 


1 


44 


] H13Y 


HOY [ 


2 


43 


] H13X 


H1X C 


3 


42 


] GND 


H1Y [ 


4 


41 


]HS3 


H2X [ 


5 


40 


]E5 


H2Y [ 


6 


39 


] R/W 


H3X [ 


7 


38 


] wc 


H3Y [ 


8 


37 


] RDY 


H4X [ 


9 


36 


] RDX 


H4Y [ 


10 


35 


]HS0 


H5X [ 


11 


34 


]HS1 


H5Y [ 


12 


33 


] HS2 


H6X [ 


13 


32 


] vcc 


H6Y [ 


14 


31 


] WD 


H7X [ 


15 


30 


] WD 


H7Y [ 


16 


29 


] WUS 


H8X [ 


17 


28 


] GND 


H8Y [ 


18 


27 


] VDD 


H9X [ 


19 


26 


] H12Y 


H9Y [ 


20 


25 


] H12X 


H10X [ 


21 


24 


] H11Y 


H10Y [ 


22 


23 


] H11X 



44-Lead SOM 


50°C/W 


44-PLCC 


60°C/W 



> X > X 

CM <M t- t- 
I X X X 



>- 

o _ 
X X 



X co co Q co . _ 
~ X X C5 X |o 



1 44 43 42 41 40 



H3X[ 


7 


o 


39 


] R/W 


H3Y[ 


8 




38 


] WC 


H4X[ 


9 




37 


] RDY 


H4Y[ 


10 




36 


] RDX 


H5X[ 


11 




35 


] HS0 


H5Y[ 


12 




34 


] HS1 


H6X[ 


13 




33 


] HS2 


H6Y[ 


14 




32 


] vcc 


H7X[ 


15 




31 


] WD 


H7Y[ 


16 




30 


] WD 


H8X[ 


17 




29 


] WUS 




. 18 19 20 21 

l l I l I l l l 


22 23 24 25 
u u u u 


26 27 28 j 

i ii ii i 



>- X >- X 

00 CD O) O 

1 i x £ 



> x > x > a a 

O t- t- CM CM Q 2 

X X X X X > 



44-Lead SOM 



44-Pin PLCC 



Advance information: Indicates a product still in the design cycle, and any specifications are based on design goals only. Do not use 
for final design. 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other 
rights of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. 
Silicon Systems reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to 
verify that the data sheet is current before placing orders. 



Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680 (714) 573-6000, FAX (714) 573-6914 



©1989 Silicon Systems, Inc. 
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SSI 32R1 200/1 201 
+5V, 2, 4-Channel, 3-Terminal 
Read/Write Device 



SmotiSyhns' 

A TDK Group f Company 



DESCRIPTION 

The SSI 32R1 200/1 201 are bipolar monolithic inte- 
grated circuits designed for use with center-tapped 
ferrite or MIG recording heads. They provide a tow 
noise read path, write current control, and data protec- 
tion circuitry for as many as 4 channels. Power supply 
fault protection is provided by disabling the write cur- 
rent generator during power supply switching. A power 
down mode (idle) is provided to reduce power con- 
sumption to less than 1 mW. The SSI 32R1 201 option 
provides a write current boost feature which can be 
selected without using additional external resistors. 

The SSI 32R1200R/1201R option provides internal 
750Q damping resistors. Both devices require only a 
+5V power supply and are available in surface mount 
packages. 



Advance Information 



August 1992 

FEATURES 

• +5V only power supply 

• Low power 

- Pd < 200 mW read mode 

- Pd < 10 mW Idle mode 

• High Performance 

- Read mode gain = 200 V/V 

- Input noise =1.2 nV/VHz max. 

- Input capacitance = 17 pF max. 

- Write current range = 15-50 mA 

- Head voltage swing = 6.0 Vpk 

• Designed for center-tapped ferrite or MIG 
heads 

• TTL selectable write current boost 

• Power supply fault protection 

• Includes write unsafe detection 

• Enhanced Write to Read recovery 



BLOCK DIAGRAM 




WDI h. 



HSO 
HS1 



VOLTAGE 

FAULT 
DETECTOR 



S Q 




IX 






T Q 











WRITE 
DRIVER 



WRITE 
CURRENT 
SOURCE 



WC D 
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* Not available in 20-pin SOL 



{J H0X 

«□ HOY 

Q H1X 

a hiy 

{J H2X 

CI H2Y 

CI H3X 



U H3Y 



PIN DIAGRAM 



GND [ 




24 


] N/C 


N/C [ 


2 


23 


] CS 


H0X [ 


3 


22 


] R/W 


HOY [ 


4 


21 


] WC 


H1X [ 


5 


20 


] RDY 


H1Y [ 


6 


32R1201 19 


] RDX 




4 


H2X [ 


7 


Channels 18 


] HSO 


H2Y [ 


8 


17 


] HS1 


H3X [ 


9 


16 


] VCC1 


H3Y [ 


10 


15 


] WDI 


VCT [ 


11 


14 


] WUS 


VCC2 [ 


12 


13 


] WBOOST 



24-Pin SOL, VSOP 
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CAUTION: Use handling procedures necessary 
for a static sensitive component. 



SSI 32R1 200/1 201 

+5V, 2, 4-Channel, 3-Terminal 

Read/Write Device 



DESCRIPTION 
WRITE MODE 

A source of recording current is provided to the head 
center tap by an internal voltage reference, VCT. The 
current is conducted through the head alternately into 
an HnX terminal or an HnY terminal according to the 
state of an internal flip-flop. The flip-flop is triggered by 
the negative transition of the Write Data Input line 
(WDI). A proceeding read mode selection initializes 
the write data flip-flop, WDFF, to pass write current 
through the "X" side of the head. The write current 
magnitude is determined by the value of an external 
resistor Rwc connected between WC terminal and 
GND, and is given by: 

Iw = K/Rwc, where K = Write Current Constant 

In addition, this current can be given a 30% boost 
without switching in additional resistance values by 
pulling WBOOST low (32R1201/1201R only). 

WRITE MODE FAULT DETECT CIRCUIT 

Several circuits are dedicated to detecting fault condi- 
tions associated with the write mode. A logical high 
level will be present at the Write Unsafe (WUS) termi- 
nal if any of the following write fault conditions are 
present: 

• Head open 

• Head center tap open 

• Head shorted 

• Head shorted to ground 

• No write current 

• WDI frequency too low 

• Device in read or idle mode 

The Write Unsafe output is open-collector and is usu- 
ally terminated by an external resistor connected to 
VCC. Two negative transitions on WDI, after the fault 
is corrected, will clear the WUS flag. 

A safe condition, WUS low, requires alternating volt- 
age spikes on both HnX and HnY that exceed VCT + 
1 .5V at a rate equal to or higher than the Minimum Rate 
of WDI for Safe condition. 



In addition, the power supply voltage level is monitored 
by a circuit that inhibits the write current if VCC is too 
low to permit valid data recording. 

READ MODE 

In Read Mode, (R/W high and CS low), the circuit 
functions as a low noise differential amplifier. The read 
amplifier input terminals are determined by the Head 
Select inputs. The read amplifier outputs (RDX, RDY) 
are emitter follower sources, providing low impedance 
outputs. The amplifier gain polarity is non-inverting 
between HnX, HnY inputs and RDX, RDY outputs. 

IDLE MODE 

Taking C§ high selects the idle mode which switches 
the RDX and RDY outputs into a high impedance state 
and deactivates the device. Powerconsumption inthis 
mode is held to a minimum. 



MODE SELECTION AND INDICATION CIRCUIT 

Logical control inputs which select mode and head 
channel are TTL compatible. Their functions are de- 
scribed in Table 1 and Table 2. 



TABLE 1 : Head Select Table 



Head Selected 


HS1 


HSO 











1 





1 


2 


1 





3 


1 


1 


TABLE 2: Mode Select Table 


Mode 




Selected 


Indicating & 


Select 




Mode 


Fault Outputs 


CS 


R/W 




WUS 


1 


X 


Idle 


off 





1 


Read 


off 








Write 


on 



1-58 



SSI 32R1 200/1 201 
+5V, 2, 4-Channel, 3-Terminal 
Read/Write Device 



1 



PIN DESCRIPTION 



NAME 


I/O 


DESCRIPTION 


HS0-HS1 


I 


Head Select. Logical combinations select one of four Heads. See Table 1 


CS 


I 


Chip Select: a low level enables device. Has internal pull-up resistor. 


R/W 


I 


Read/Write :a high level selects read mode. Has internal pull-up resistor. 


WUS 


0* 


Write Unsafe: a high level indicates an unsafe writing condition 


WDI 


J 


Writf» Hat a In* n^natix/p transition tonnlp^ riirprtion of hpad current 


H0X-H3X 
H0Y-H3Y 


I/O 


X, Y head connections 


RDX, RDY 


0* 


X, Y Read Data: differential read signal output 


WC 




Write Current: used to set the magnitude of the write current 


WBOOST** 


I 


A logic low signal on this pin increases the magnitude of write current by 
typically 30% 


VCT 




Voltage Center Tap: voltage source for head center tap 


VCC 




+5V 


GND 




Ground 



* When mor e than one R/W device is used, these signals can be wire OR'ed with unselected R/W devices. 
** WBOOST available in 32R1 201 only (1 6 and 24-pin options) 

ELECTRICAL SPECIFICATIONS 
ABSOLUTE MAXIMUM RATINGS 

(All voltages referenced to GND. Currents into device are positive.) 



PARAMETER 


RATING 


DC Supply Voltage 


VCC 


-0.3 to +6 VDC 


Digital Input Voltage Range 

HS1, HSO, WDI, R/W, CS, WBOOST 


-0.3 to VCC + 0.3 VDC 


Head Port Voltage Range 


VH 


-0.3 to VCC + 3.0 VDC 


Write Current Pin Voltage 


Vwc 


-0.3 to VCC + 0.3 VDC 


WUS Pin Voltage Range 


Vwus 


-0.3 to +6.0 VDC 


Write Current Zero-Peak 


IW 


60 mA 


RDX, RDY Output Current 


lo 


-10 mA 


RDX, RDY Pin Voltage 


VCC + 0.3 VDC 


VCT Output Current Range 


IVCT 


-60mAto+10uA 


WUS Output Current Range 


Iwus 


-0.1 to +10 mA 


Storage Temperature Range 


Tstg 


-65 to 150 °C 


Package Temperature (20 sec Reflow) 


215 °C 


WC Current Range 


to -5 mA 
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SSI 32R1 200/1 201 

+5V, 2, 4-Channel, 3-Terminal 

Read/Write Device 



RECOMMENDED OPERATION CONDITIONS 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNITS 


DC Supply Voltage VCC 




4.75 


5.0 


5.25 


VDC 


Head Inductance Lh 




1 




15 




Damping Resistor Rd 


32R1 200/1 201 only 


500 




2000 


a 


Write Current Range IW 




15 




50 


mA 


Junction Temperature Range Tj 




+25 




+135 


°C 


DC CHARACTERISTICS 

(Unless otherwise specified, recommended operating conditions apply.) 
POWER SUPPLY 


VCC Supply Current (ICC) 


Read Mode 


28 


38 


mA 


Idle Mode 


1.4 


2.0 


mA 


Write Mode 


27 + lw 


40 + Iw 


mA 


Power Dissipation 


Read Mode 


140 


200 


mW 


Idle Mode 


7 


10.5 


mW 


Write Mode 




210 +5.5 Iw 


mW 


DIGITAL I/O 


VIL Input Low Voltage 

CS, R/WWDI, HSO, HS1, 
WBOOST 








0.8 


VDC 


VIH Input High Voltage 

CS, R/W WDI, HSO, HS1, 
WBOOST 




2.0 






VDC 


IIL Input Low Current 

CS, R/WWDI, HSO, HS1, 
WBOOST 


VIL = 0.4V 


-0.4 






mA 


IIH Input High Current 

CS, R/W WDI, HSO, HS1, 
WBOOST 


VIH = 2.7V 






20 


uA 


VOL WUS Output Low Voltage 


IOL = 4.0 mA 






0.5 


VDC 


IOH WUS Output High Current 


VOH = 5.0V 






100 


uA 


WRITE MODE 


Center Tap Voltage VCT 


Write Mode/Idle Mode 




Vcc - 0.9 




VDC 


Head Current (per side) 


Write Mode, 
< VCC < 3.9V 


-200 




200 


uA 


Write Current Range 


1.0kQ<Rwc<3.3kft 


15 




50 


mA 
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SSI 32R1 200/1 201 
+5V, 2, 4-Channel, 3-Terminal 
Read/Write Device 



1 



WRITE MODE (continued) 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNITS 


Write Current Constant "K" 




46 


50 


54 


mA-kQ 


Iwc to Head Current Gain 






20 




mA/mA 


WBOOoT - Write Current 
Boost Factor* 


IA/DAAOT 1 «^.»» 

WBOOST = LOW 


1.25 




■4 oe 

1 .OO 


mA/mA 


Unselected Head Leakage Current 








85 


HA 


RDX, RDY Common Mode 
Output Voltage 




2.0 


Vcc - 2.4 


3.5 


VDC 


RDX, RDY Leakage 


RDX, RDY = 4V 
Idle Mode 


-100 




100 


HA 


WDI Minimum Pulse Width** 


VIL > 0.2VPWH 


TBD 


11 




ns 


VIN > 2.4VPWL 


TBD 


4 




ns 


* Not available in 20-pin SOL 
** Refers to Figure 1 


READ MODE 


Center Tap Voltage 


Read Mode 




Vcc -1.5 




VDC 


Input Bias Current (per side) 






20 


60 


MA 


Output Offset Voltage 


Read Mode 


-200 




+200 


mV 


Common Mode Output Voltage 


Read Mode 


2 


Vcc - 2.4 


3.5 


VDC 


Common Mode Output Voltage 
Change from Write to Read Mode 




-100 




+100 


mV 



FAULT DETECTION CHARACTERISTICS 

Unless otherwise specified recommended conditions apply, Iw = 30 mA, Lh = 5 jiH, Rd = 750£1 
(SSI 32R1200/1201 only), F(WDI) = 10 MHz. 



Minimum Rate of WDI Input for 
Safe condition 




500 






kHz 


Maximum Rate of WDI Input for 
Unsafe condition 








167 


kHz 


Minimum voltage value for 
guaranteed write current turn-on 




4.4 






VDC 


Maximum voltage value for 
guaranteed write current turn-off 








3.9 


VDC 
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SSI 32R1 200/1 201 

+5V, 2, 4-Channel, 3-Terminal 

Read/Write Device 



DYNAMIC CHARACTERISTICS AND TIMING 

(Unless otherwise specified, recommended operating conditions apply and Iw = 30 mA, Lh = 5 mH 
Rd = 750Q (32R1 200/1 201) only, f(WDI) = 5 MHz, CL(RDX, RDY) < 20 pF.) 



WRITE MODE 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNITS 


Differential Head Voltage Swing 




6.0 


6.4 




V(pk) 


Unselected Head Transient Current 


1nH<Lh<9.5nH 






2 


mA(pk) 


Differential Output Capacitance 








15 


PF 


Differential Output Resistance 


32R1 200/1 201 


10 






kn 


32R1200R/1201R 


600 




960 




READ MODE 


Differential Voltage Gain 


Vin = 1 mV RMS @ 1 MHz 


160 


200 


240 


v/v 


Bandwidth (-3dB) 


|Zs| < 5Q, Vin = 1 mVpp 


30 


60 




MHz 


Input Noise Voltage 


BW=15MHz, 
Lh = 0, Rh = 




0.85 


1.2 


nV/VHz 


Differential Input Capacitance 


Vin = mV RMS / = 5MHz 




14 


17 


PF 


Differential Input Resistance 


32R1200/1201 / = 5 MHz 


2.0 






kQ. 


32R1200R/1201R 


460 




860 


a 


Dynamic Range 


AC input voltage where 
gain falls to 90% of its 
small signal gain valve, 
f = 5 MHz 


2 






mVpp 


Common Mode Rejection Ratio 


Vcm = 100 mVpp@1 MHz 
</<10MHz 


50 


75 




dB 


Power Supply Rejection Ratio 


AVcc=100 mVpp@1MHz 
</<10MHz 


45 






dB 


Channel Separation 


Unselected Channels: 
Vin = 20 mVpp 1 MHz 
</< 10 MHz 


45 


54 




dB 


RDX.Y Single Ended Output 
Resistance 








30 




Output Current 


AC Coupled Load, 
RDX to RDY 


±1.5 






mA 
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SSI 32R1 200/1 201 
+5V, 2, 4-Channel, 3-Terminal 
Read/Write Device 




SWITCHING CHARACTERISTICS 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNITS 


R/W Read to Write 


R/W to 90% of write current 




50 


100 


ns 


Write to Read 


R/W to 90% of 

100 mV. 10 MHz Read signal 
envelope 




0.15 


1.0 


|IS 


CS Unselect to Select 


CS to 90% Ih or to 90% of 
100 mV. 10 MHz 
Read signal envelope 




1.0 


2.0 




Select to Unselect 


CS to 10% Ih 




0.05 


0.6 


U.S 


HSO, 1 to any Head 


To 90% of 1 00 mV. 1 MHz 
Read signal envelope 






0.6 


|LlS 






4 


3 


12 


{IS 


R/W to Unsafe 








TBD 


us 


Unsafe to Safe (TD2) 


Write mode, after fault 
cleared after 2nd transition 






150 


ns 


R/W to Safe 








* 


us 


Head Current 


Rh = 0, Lh = 










Prop. Delay (TD3) 


From 50% points 




25 


30 


ns 


Asymmetry 


WDI has 50% Duty Cycle 
and 1 ns Rise/Fall Time 






2 


ns 


Rise/Fall Time 


10% -90% Points 




4 


20 


ns 


Write to Read 


R/W to 90% 




0.15 


1.0 


us 


R/W to 10% Ih 




TBD 




ns 


* (Read to Write) + 2 Tw + TD2 where Tw = time between high to low WDI transitions 



HEAD 
CURRENT 
(Ix-ly) 



Wf\PJ\J 



* measured at 1 .5V 



FIGURE 1: Write Mode Timing Diagram 
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SSI 32R1 200/1 201 

+5V, 2, 4-Channel, 3-Terminal 

Read/Write Device 




HOX 
HOY 



SSI32R1200 H1Y 



H2X 
H2Y 

H3X 
H3Y 



Rwc* 
see Note 4 



J- 



3- 



NOTES ^ 

1 . Damping resistors not required on 32R1 200R versions. 

2. Limit DC current from RDX and RDY to 1 00 pA and load capacitance to 20 pF. In multi-chip application 
these outputs can be wire-OR'ed. 

The power bypassing capacitor must be located close to the 32R1 200 with its ground returned directly 
to device ground, with as short a path as possible. 

To reduce ringing due to stray capacitance this resistor should be located close to the 32R1 200. Where 
this is not desirable a series resistor can be used to buffer a long WC line. 



3. 



4. 



FIGURE 2: Applications Information 
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SSI 32R1 200/1 201 
+5V, 2, 4-Channel, 3-Terminal 
Read/Write Device 



1 



PACKAGE PIN DESIGNATIONS 

(Top View) 



THERMAL CHARACTERISTICS: Gja 



24-lead 


SOL 


80°C/W 


20-lead 


SOL 


80°C/W 


16-lead 


SOL 


105°C/W 


24-lead 


VSOP 


110°C/W 


20-lead 


VSOP 


125°C/W 



GND [ 




24 


] N/C 


gnd r 






20 


] 


N/C [ 


2 


23 


] 


hox r 








] R/W 






2 




19 


HOX [ 


3 


22 


] R/W 


HOY [ 








] WC 






3 




18 


HOY [ 


4 


21 


] wc 








H1X [ 


5 


20 


] RDY 


H1X [ 


4 






] RDY 


H1Y [ 


6 


32R1201 19 
4 


] RDX 


H1Y [ 


5 


32R1200 


16 


] RDX 


H2X [ 




Channels 18 


] HS0 


H2X [ 


6 


4 

Channels 


15 


] HS0 


H2Y [ 


8 


17 


] HS1 


H2Y [ 


7 




14 


] HS1 


H3X [ 


9 


16 


] VCC1 


H3X [ 


8 




13 


] vcc 


H3Y [ 


10 


15 


] WDI 


H3Y [ 








] WDI 






] WUS 


9 




12 


VCT [ 


11 


14 








VCC2 [ 


12 


13 


] WBOOST 


VCT [ 


10 






] WUS 



GND [ 
H0X[ 
H0Y[ 
H1X[ 
H1Y[ 
VCT [ 
WBOOST [ 
WUS [ 



16 ] CS 

15 ] R/W 

14 ] WC 

32R1201 13 ] RDY 
2 

Channels 12 ] RDX 

11 ] HS0 

10 ] VCC 

9 ] WDI 



24-Pin SOL, SOV 



20-Pin SOL, SOV 



16-Pin SOL 



Advance Information: Indicates a product still in the design cycle, and any specifications are based on design goals only. Do not use for final 
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reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data sheet 
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DESCRIPTION 



SSI 32R1203R 

+5V, 2, 4-Channel, 3-Terminal 
Read/Write Device 



Advance Information 




December 1992 



FEATURES 



The SSI 32R1203R is a bipolar monolithic integrated 
circuit designed for use with center-tapped ferrite or 
MIG recording heads. It provides a low noise read path 
with selectable gains of 75 and 250 V/V, write current 
control, and data protection circuitry for as many as 4 
channels. Power supply fault protection is provided by 
disabling the write current generator during power 
sequencing. A power down mode (idle) is provided to 
reduce power consumption to less than 10 mW. In- 
cluded is a write current boost feature which can be 
selected without using additional external resistors. 

Internal 750ft damping resistors are provided. It re- 
quires only a +5V power supply and is available in a 
surface mount package. 



Dual gain mode, 250 V/V and 75 V/V 
+5V only power supply 
Low power 

- Pd < 220 mW read mode 

- Pd < 10 mW Idle mode 
High Performance 

- Dual gain mode, 250 V/V and 75 V/V 

- Input noise = 1.2 nV/Vfiz max. 

- Input capacitance = 17 pF max. 

- Write current range = 15-50 mA 

- Head voltage swing = 6.0 Vpk 
Designed for center-tapped ferrite or MIG 
heads 

TTL selectable write current boost 
Power supply fault protection 
Includes write unsafe detection 
Enhanced Write to Read recovery 
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PIN DIAGRAM 



H2Y [ 8 

H3X [ 9 

H3Y [ 10 

VCT [ 11 

VCC2 [ 12 



GND [ 1 24 ] FIG" 

N/C [ 2 23 ] C$ 

HOX [ 3 22 ] 

HOY [4 21 ] WC 

H1X [ 5 20 ] RDY 

H1Y [ 6 32R1203R 19 ] RDX 
4 

H2X [ 7 Channels 18 p HS0 
17 



] HS1 
] VCC1 
] WDI 
] WUS 
] WBOOST 



24-Pin SOV 



CAUTION: Use handling procedures necessary 
for a static sensitive component. 



SSI 32R1203R 

+5V, 2, 4-Channel, 3-Terminal 
Read/Write Device 



DESCRIPTION 
WRITE MODE 

A source of recording current is provided to the head 
center tap by an internal voltage reference, VCT. The 
current is conducted through the head alternately into 
an HnX terminal or an HnY terminal according to the 
state of an internal flip-flop. The flip-flop is triggered by 
the negative transition of the Write Data Input line 
( WDI) . A proceeding read mode selection initializes the 
write data flip-flop, WDFF, to pass write current through 
the "X" side of the head. The write current magnitude is 
determined by the value of an external resistor Rwc 
connected between WC terminal and GND, and is 
given by: 

Iw « K/Rwc, where K = Write Current Constant 

In addition, this current can be given a 30% boost 
without switching in additional resistance values by 
pulling WBOOST low . 

WRITE MODE FAULT DETECT CIRCUIT 

Several circuits are dedicated to detecting fault condi- 
tions associated with the write mode. A logical high 
level will be present at the Write Unsafe (WUS) termi- 
nal if any of the following write fault conditions are 
present: 

• Head open 

• Head center tap open 

• Head shorted 

• Head shorted to ground 

• No write current 

• WDI frequency too low 

• Device in read or idle mode 

The Write Unsafe output is open-collector and is usu- 
ally terminated by an external resistor connected to 
VCC. Two negative transitions on WDI, after the fault 
is corrected, will clear the WUS flag. 

A safe condition, WUS low , requires alternating volt- 
age spikes on both HnX and HnY that exceed VCT + 
1 .5 V at a rate equal to or higher than the Minimum Rate 
of WDI for Safe condition. 



In addition, the power supply voltage level is monitored 
by a circuit that inhibits the write current if VCC is too 
low to permit valid data recording. 

READ MODE 

In Read Mode, (R/W high and CS low), the circuit 
functions as a low noise gain selectable differential 
amplifier. The read amplifier input terminals are deter- 
mined by the Head Select inputs. The read amplifier 
outputs (RDX, RDY) are emitter follower sources, 
providing tow impedance outputs. The amplifier gain 
polarity is non-inverting between HnX, HnY inputs and 
RDX, RDY outputs. Taking HG low selects high gain 
(250 V/V). Taking HG high or open selects low 
gain (75 V/V). 

IDLE MODE 

Taking CS high selects the idle mode which switches 
the RDX and RDY outputs into a high impedance state 
and deactivates the device. Power consumption in this 
mode is held to a minimum. 

MODE SELECTION AND INDICATION CIRCUIT 

Logical control inputs which select mode and head 
channel are TTL compatible. Their functions are de- 
scribed in Table 1 and Table 2. 



TABLE 1 : Head Select Table 



Head Selected 


HS1 


HSO 











1 





1 


2 


1 





3 


1 


1 


TABLE 2: Mode Select Table 


Mode 




Selected 


Indicating & 


Select 




Mode 


Fault Outputs 


CS 


R/W 




WUS 


1 


X 


Idle 


off 





1 


Read 


off 








Write 


on 
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SSI 32R1203R 
+5V, 2, 4-Channel, 3-Terminal 
Read/Write Device 



PIN DESCRIPTIONS 



NAME 


I/O 


DESCRIPTION 


HS0-HS1 


I 


Head Select: Logical combinations select one of four Heads. See Table 1 


CS 


I 


Chip Select: a low level enables device. Has internal pull-up resistor. 


R/W 


I 


Read/Write: a high level selects read mode. Has internal pull-up resistor. 


\A/I IO 

WUo 


o 


Write Unsafe: a high level indicates an unsafe writing condition 




1 

1 


Write Data In: negative transition toggles direction of head current 


nUA-noA 
H0Y-H3Y 


l/U 


X, Y head connections 


RDX, RDY 


0* 


X, Y Read Data: differential read signal output 


WC 




Write Current: used to set the magnitude of the write current 


WBOOST 


1 


A logic low signal on this pin increases the magnitude of write current by 
typically 30% 


VCT 




Voltage Center Tap: voltage source for head center tap 


VCC1 , VCC2 




+5V 


GND 




Ground 


HG 


1 


Gain select: HG low selects 250 V/V. HG high or open selects 75 V/V. 


* When more than one R/W device is used, these signals can be wire OR'ed with unselected R/W devices. 



ELECTRICAL SPECIFICATIONS 
ABSOLUTE MAXIMUM RATINGS 

(All voltages referenced to GND. Currents into device are positive.) 



PARAMETER 


RATING 


DC Supply Voltage 


VCC 


-0.3 to +6 VDC 


Digital Input Voltage Range 

HS1, HSO, WDI, R/W, CS, WBOOST, HG 


-0.3 to VCC + 0.3 VDC 


Head Port Voltage Range 


VH 


-0.3 to VCC + 3.0 VDC 


Write Current Pin Voltage 


Vwc 


-0.3 to VCC + 0.3 VDC 


WUS Pin Voltage Range 


Vwus 


-0.3 to +6.0 VDC 


Write Current Zero-Peak 


IW 


60 mA 


RDX, RDY Output Current 


lo 


-10 mA 


RDX, RDY Pin Voltage 


VCC + 0.3 VDC 


VCT Output Current Range 


IVCT 


-60 mAto +10 mA 


WUS Output Current Range 


Iwus 


-0.1 mAto +10 mA 


Storage Temperature Range 


Tstg 


-65 to 150 °C 


Package Temperature (20 sec Reflow) 


215 °C 
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SSI 32R1203R 

+5V, 2, 4-Channel, 3-Terminal 
Read/Write Device 



RECOMMENDED OPERATION CONDITIONS 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNITS 


DC Supply Voltage VCC 




4.75 


5.0 


5.25 


VDC 


Head Inductance Lh 




1 




15 


U.H 


Write Current Range IW 




15 




50 


mA 


Junction Temperature Range Tj 




+25 




+135 


°C 


DC CHARACTERISTICS 

(Unless otherwise specified, recommended operating conditions apply.) 
POWER SUPPLY 


VCC Supply Current (ICC) 


Read Mode 


32 


42 


mA 


Idle Mode 


1.4 


2.0 


mA 


Write Mode 


31 + Iw 


44 + Iw 


mA 


Power Dissipation 


Read Mode 


160 


220 


mW 


Idle Mode 


7 


10.5 


mW 


Write Mode 


155 + 
5lw 


230 + 
5.5 Iw 


mW 


DIGITAL I/O 


VIL Input Low Voltage 

CS, R/W WDI.HSO, HS1, 
WBOOST, HG 








0.8 


VDC 


VIH Input High Voltage 

CS, R/W WDI.HSO, HS1, 
WBOOST, HG 




2.0 






VDC 


IIL Input Low Current 

CS, R/W WDI.HSO, HS1, 
WBOOST, HG 


VIL = 0.4V 


-0.4 






mA 


IIH Input High Current 

CS, R/W WDI.HSO, HS1, 
WBOOST, HG 


VIH = 2.7V 






20 


uA 


VOL WUS Output Low Voltage 


IOL = 4.0 mA 






0.5 


VDC 


IOH WUS Output High Current 


VOH = 5.0V 






100 


uA 


WRITE MODE 


Center Tap Voltage VCT 


Write Mode/Idle Mode 




Vcc-0.9 




VDC 


Head Current (per side) 


Write Mode, 
< VCC < 3.9V 


-200 




200 


uA 


Write Current Range 


1.0kQ<Rwc<3.3kQ 


15 




50 


mA 
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SSI 32R1203R 
+5V, 2, 4-Channel, 3-Terminal 
Read/Write Device 



WRITE MODE (continued) 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNITS 


Write Current Constant "K" 




46 


50 


54 


mA-kil 


Iwc to Head Current Gain 






20 




mA/mA 


WBOOoT - Write Current 
Boost Factor 


WBOOST = Low 


1.25 




1.35 


mA/mA 


Unselected Head Leakage Current 








85 


"A 


RDX, RDY Common Mode 
Output Voltage 




2.0 


Vcc - 2.4 


3.5 


VDC 


RDX, RDY Leakage 


RDX, RDY = 4V 
Idle Mode 


-100 




100 


uA 


WDI Minimum Pulse Width* 


VIL > 0.2VPWH 


TBD 


11 




ns 


VIN > 2.4VPWL 


TBD 


4 




ns 


* Refers to Figure 1 . 


READ MODE 


Center Tap Voltage 


Read Mode 




Vcc- 1.5 




VDC 


Input Bias Current (per side) 






20 


60 


uA 


Output Offset Voltage 


Read Mode 


-200 




+200 


mV 


Common Mode Output Voltage 


Read Mode 


2 


Vcc - 2.4 


3.5 


VDC 


Common Mode Output Voltage 
Change from Write to Read Mode 




-100 




+100 


mV 



FAULT DETECTION CHARACTERISTICS 

Unless otherwise specified recommended conditions apply, Iw = 30 mA, Lh = 5 u.H, F(WDI) = 10 MHz. 



Minimum Rate of WDI Input for 
Safe condition 




150 






kHz 


Maximum Rate of WDI Input for 
Unsafe condition 








50 


kHz 


Minimum voltage value for 
guaranteed write current turn-on 




4.4 






VDC 


Maximum voltage value for 
guaranteed write current turn-off 








3.9 


VDC 
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SSI 32R1203R 

+5V, 2, 4-Channel, 3-Terminal 
Read/Write Device 



DYNAMIC CHARACTERISTICS AND TIMING 

(Unless otherwise specified, recommended operating conditions apply and Iw = 30 mA, Lh = 5 mH 
f(WDI) = 5 MHz, CL(RDX, RDY) < 20 pF.) 

WRITE MODE 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNITS 


Differential Head Voltage Swing 




6.0 


6.4 




V(pk) 


Unselected Head Transient Current 


1|jJH<Lh<9.5MH 






2 


mA(pk) 


Differential Output Capacitance 








15 


PF 


Differential Output Resistance 




600 




960 


Q 


Differential Voltage Gain 


Vin > 1 mVrms @ 1 MHz 










HG = 




250 




V/V 


HG = 1 or open 




75 




V/V 



READ MODE 



Differential Voltage Gain 


Vin = 1 mVrms @ 1 MHz 


160 


200 


240 


V/V 


Bandwidth (~3dB) 


|Zs| < 5Q, Vin = 1 mVpp 


30 


60 




MHz 


Input Noise Voltage 


BW= 15 MHz, 
Lh = 0, Rh = 




0.85 


1.2 


nV/VHz 


Differential Input Capacitance 


Vin = mVrms / = 5MHz 




14 


17 


PF 


Differential Input Resistance 




460 




860 


Q 


Dynamic Range 


AC input voltage where 
gain falls to 90% of its 
small signal gain value, 
/ = 5 MHz 


2 






mVpp 


Common Mode Rejection Ratio 


Vcm = 100 mVpp @1 MHz 
</<10MHz 


50 


75 




dB 


Power Supply Rejection Ratio 


AVcc=100 mVpp@1MHz 
</<10MHz 


45 






dB 


Channel Separation 


Unselected Channels: 
Vin = 20 mVpp 1 MHz 
</<10MHz 


45 


54 




dB 


RDX,Y Single Ended Output 
Resistance 








30 


Q. 


Output Current 


AC Coupled Load, 
RDX to RDY 


±1.5 






mA 
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SSI 32R1203R 
+5V, 2, 4-Channel, 3-Terminal 
Read/Write Device 



1 



SWITCHING CHARACTERISTICS 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNITS 


R/W Rpari to WritP 


n/VV IU 9U/0 Ul WHIG UUIIt/lll 






inn 


nc 


wine IU ncdU 


rv vv xo y u /o oi 

100 mV. 10 MHz Read signal 
envelope 




n 1^ 


1 n 


U.S 


CS Unselect to Select 


CS to 90% In or to 90% of 
100 mV. 10 MHz 
Read signal envelope 




1.0 


2.0 


US 


Select to Unselect 


CS to 10% Ih 




0.05 


0.6 


US 


HSO, 1 to any Head 


To 90% of 100 mV. 10 MHz 
Read signal envelope 






0.6 


US 


WUS Safe to Unsafe (TD1 ) 




13 




40 


US 


R/W to Unsafe 








TBD 


US 


Unsafe to Safe (TD2) 


Write mode, after fault 
cleared after 2nd transition 






150 


ns 


R/W to Safe 










us 


Head Current 


Rh = 0, Lh = 










Prop. Delay (TD3) 


From 50% points 




25 


30 


ns 


Asymmetry 


WDI has 50% Duty Cycle 
and 1 ns Rise/Fall Time 






2 


ns 


Rise/Fall Time 


10% -90% Points 




4 


20 


ns 


Write to Read 


R/W to 90% 




0.15 


1.0 


us 


R/W to 10% Ih 




TBD 




ns 


* (Read to Write) + 2 Tw + TD2 where Tw = time between high to low WDI transitions 



HEAD ) 
CURRENT 

(lx-iy) 



\J\PJ\J 



* measured at 1 .5V 



FIGURE 1 : Write Mode Timing Diagram 
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SSI 32R1203R 

+5V, 2, 4-Channel, 3-Terminal 
Read/Write Device 



see Note 3 



MICROPROCESSOR 



LOGIC 
SUPPORT 



READ" 
DATA 







CK 
Q D 







LEVEL 
QUAL 




AGC 
AMPLIFIER 



SSI 32P549 READ DATA PROCESSOR 



VCC 
WUS 



RW 
C3 



SSI 32R1203R 



RDY 



VCT 



HOX 
HOY 

H1X 
H1Y 

H2X 
H2Y 

H3X 
H3Y 



WC GND RG~ 



Rwc ~ 
see Note 4 



J- 



J- 



_TTL 
Control 



NOTES 

1 . Limit DC current from RDX and RDY to 1 00 mA and load capacitance to 20 pF. In multi-chip application 
these outputs can be wire-OR'ed. 

2. The power bypassing capacitor must be located close to the 32R1 203R with its ground returned directly 
to device ground, with as short a path as possible. 

3. To reduce ringing due to stray capacitance this resistor should be located close to the 32R1203R. 
Where this is not desirable a series resistor can be used to buffer a long WC line. 



FIGURE 2: Applications Information 
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SSI 32R1203R 
+5V, 2, 4-Channel, 3-Terminal 
Read/Write Device 



1 



PACKAGE PIN DESIGNATIONS 

(Top View) 



GND [ 






24 


] m 


N/C [ 


2 




23 


] c~s 


HOX [ 


3 




22 


] m 


HOY [ 


4 




21 


] WC 


H1X [ 


5 




20 


] RDY 


H1Y [ 


6 


32R1203R 


19 


] RDX 




4 




H2X [ 




Channels 


18 


] HSO 


H2Y [ 


8 




17 


] HS1 


H3X [ 


9 




16 


] VCC1 


H3Y [ 


10 




15 


] WDI 


VCT [ 


11 




14 


] WUS 


VCC2 [ 


12 




13 


] WBOOST 



24-Lead SOV 



THERMAL CHARACTERISTICS: Gja 

E 



-lead 



VSOP 



no°cyw 



Advance Information: Indicates a product still in the design cycle, and any specifications are based on design goals only. Do not use for final 
design. 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data sheet 
is current before placing orders. 
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DESCRIPTION 



SSI 32R1 220/1 221/1 222 
+5V, 2, 4-Channel Ferrite/MIG 
Read/Write Device 



Advance Information 




FEATURES 



December 1992 



The SSI 32R1 220/1 221/1 222 are bipolar monolithic 
integrated circuits designed for use with center-tapped 
ferrite or MIG recording heads. They provide a low 
noise read path, write current control, and data protec- 
tion circuitry for as many as 4 channels. Power supply 
fault protection is provided by disabling the write cur- 
rent generator during power sequencing. A power 
down mode (idle) is provided to reduce power 
consumption to less than 10 mW. The SSI 32R1221 
option provides write current boost feature which can 
be selected without using additional external resistors. 

The SSI 32R1222 option provides a bond option com- 
patible with other available three-terminal Read/Write 
devices. 



+5V (± 10%) only power supply 
Low power 

- Pd =150 mW Read mode (NOM) 

- Pd < 5 mW Idle mode (NOM) 
High Performance 

- Read mode gain = 250 V7V 

- Input noise = 0.9 nV/VHz max. 

- Input capacitance = 19 pF max. 

- Write current range = 10-30 mA 

- Head voltage swing = 6.0 Vpk Norn 
Designed for center-tapped ferrite or MIG 
heads 

TTL selectable write current boost 
Pin compatible with 32R1200 
Power supply fault protection 
Write unsafe detection 
Enhanced Write to Read recovery 



BLOCK DIAGRAM 
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WBOOST (32R1 221 ONLY) 
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PIN DIAGRAM 



GND [ 1 

H0X [ 2 

HOY [ 3 

H1X [ 4 

H1Y [ 5 

H2X [ 6 

H2Y [ 7 

H3X [ 8 

H3Y [ 9 

VCT [ 10 



32R1220 
4 

Channels 



20 ] CS 

19 ] R/W 

18 ] WC 

17 ] RDY 

16 ] RDX 

15 ] HS0 

14 ] HS1 

13 ] VCC 

12 ] WDI 

11 ] WUS 



20- Lead SOL 



CAUTION: Use handling procedures necessary 
for a static sensitive component. 



SSI 32R1 220/1 221/1 222 
+5V, 2, 4-Channel Ferrite/MIG 
Read/Write Device 



DESCRIPTION 
WRITE MODE 

A source of recording current is provided to the head 
center tap by an internal voltage reference, VCT. The 
current is conducted through the head alternately into 
an HnX terminal or an HnY terminal according to the 
state of an internal flip-flop. The flip-flop is triggered by 
the negative transition of the Write Data Input line 
(WDI). A proceeding Read mode selection initializes 
the write data flip-flop, WDFF, to pass write current 
through the "X" side of the head. The write current 
magnitude is determined by the value of an external 
resistor Rwc connected between WC terminal and 
GND, and is given by: 

Iw = K/Rwc, where K = Write Current Constant 

In addition this current can be given a 33% boost, 
without switching in additional resistance values, by 
pulling WBOOST low (32R1 221/1 221 R only). 

WRITE MODE FAULT DETECT CIRCUIT 

Several circuits are dedicated to detecting fault condi- 
tions associated with the Write mode. A logical high 
level will be present at the Write Unsafe (WUS) termi- 
nal if any of the following write fault conditions are 
present: 

• Head open 

• Head center tap open 

• Head shorted 

• Head shorted to ground 

• No write current 

• WDI frequency too low 

• Device in Read or Idle mode 

The Write Unsafe output is open-collector and is usu- 
ally terminated by an external resistor connected to 
VCC. Two negative transitions on WDI, after the fault 
is corrected, will clear the WUS flag. 

Additionally, a power voltage monitoring circuit is used 
to detect VCC voltage level. If it is too low to permit valid 
data recording, write current is inhibited. With VCC 
voltage level above the inhibiting value, control of write 
current is provided by the mode selection inputs. 



READ MODE 

In Read Mode, (R/W high and CS low), the circuit 
functions as a low noise differential amplifier. The read 
amplifier input terminals are determined by the Head 
Select inputs. The read amplif ier outputs (RDX, RDY) 
are emitter follower sources, providing low impedance 
outputs. The amplifier gain polarity is non-inverting 
between HnX, HnY inputs and RDX, RDY outputs. 

IDLE MODE 

Taking CS high selects the Idle mode which switches 
the RDX and RDY outputs into a high impedance state 
and deactivates the device. Powerconsumption inthis 
mode is held to a minimum. 



MODE SELECTION AND INDICATION CIRCUIT 

Logical control inputs which select mode and head 
channel are TTL compatible. Their functions are de- 
scribed in Tablel and Table 2. 



TABLE 1 : Head Select Table 



Head Selected 


HS1 


HSO 











1 





1 


2 


1 





3 


1 


1 


TABLE 2: Mode Select Table 


Mode 




Selected 


Indicating & 


Select 




Mode 


Fault Outputs 


CS 


R/W 




WUS 


1 


X 


Idle 


off 





1 


Read 


off 








Write 


on* 



* Provided that no fault is detected. 
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SSI 32R1 220/1 221/1 222 
+5V, 2, 4-Channel Ferrite/MIG 
Read/Write Device 



1 



PIN DESCRIPTION 



NAME 


I/O 


DESCRIPTION 


now no i 


1 

1 


UaoH Q<alor"t 1 <^nir , al rrimhinatinnc colo^t nna r\i fr\i ir MoaHc Caa TaKlo 1 
ncau oc/it/Ui. t-uyiudi v/Ui i luii idiiui to odcoi uiic ui luui ncdub. oee i duits i. 




1 
1 


v-riiip oeieci. a low level enauies aevice. nas miernai pun-up resisior. 


R/W 
rv vv 


1 

1 


ncau/vviiic.d Hiyii level ooiooio ncau iiiuut?. nao Hiimiicii )JUii up icoioiui. 


WUS 


0* 


Write Unsafe: a high level indicates an unsafe writing condition. 


WDI 


1 


Write Data In: negative transition toggles direction of head current. 


H0X-H3X 
H0Y-H3Y 


I/O 


X, Y head connections. 


RDX, RDY 


0* 


X, Y Read Data: differential read signal output. 


WC 




Write Current: used to set the magnitude of the write current. 


VCT 




Voltage Center Tap: voltage source for head center tap. 


VCC 




+5V 


GND 




Ground 


WBOOST** 


1 


A logic low signal on this pin increases the write current magnitude by 
typically 33%. 



* When more than one R/W device is used, these signals can be wire OR'ed. 
** 32R1221 only. 

ELECTRICAL SPECIFICATIONS 
ABSOLUTE MAXIMUM RATINGS 

(All voltages referenced to GND. Currents into device are positive.) 



PARAMETER 


VALUE 


UNITS 


DC Supply Voltage 


VCC 


-0.3 to +6 


VDC 


Digital Input Voltage Range 

HS1, HSO, WDI, R/W, CS, WBOOST 


-0.3 to VCC + 0.3 


VDC 


Head Port Voltage Range 


VH 


-0.3 to VCC + 0.3 


VDC 


Write Current Pin Voltage 


Vwc 


-0.3 to VCC + 0.3 


VDC 


WUS Pin Voltage Range 


Vwus 


-0.3 to +6.0 


VDC 


Write Current Zero-Peak 


IW 


60 


mA 


RDX, RDY Output Current 


lo 


-10 


mA 


RDX, RDY Pin Voltage 


VCC + 0.3 


VDC 


VCT Output Current Range 


I VCT 


-60 


mA 


WUS Output Current Range 


Iwus 


+12 


mA 


Storage Temperature Range 


Tstg 


-65 to 150 


°C 


Package Temperature (20 sec Reflow) 


215 


°C 



1-79 



SSI 32R1 220/1 221/1 222 
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RECOMMENDED OPERATION CONDITIONS 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNITS 


DC Supply Voltage 


VCC 




4.5 


5.0 


5.5 


VDC 


Head Inductance 


Lh 




1 




10 




Damping Resistor 


Rd 




350 




2000 


a 


Write Current Range 


IW 




10 




30 


mA 


Iw • Lh Range 




20 




200 


mA*|iH 


Junction Temperature Range 


Tj 




+25 




+125 


°C 


Operating Temperature Range 


Ta 









70 


°C 



DC CHARACTERISTICS 

(Unless otherwise specified, recommended operating conditions apply.) 
POWER SUPPLY 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNITS 


VCC Supply Current (ICC) 


Read Mode 




30 


40 


mA 


Idle Mode 




1.0 


1.8 


mA 


Write Mode 




15 + lw 


25 + Iw 


mA 


Power Dissipation 


Read Mode 




150 


220 


mW 


Idle Mode 




5 


10 


mW 


Write Mode 




75 + 5 Iw 


140 + 5 Iw 


mW 


DIGITAL I/O 


PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNITS 


VIL Input Low Voltage 

CS, R/W WDI, HS0, HS1 








0.8 


VDC 


VIH Input High Voltage 

CS, R/W WDI, HS0, HS1 




2.0 






VDC 


IIL Input Low Current 

CS, R/W WDI, HS0, HS1 


VIL = 0.4V 


-0.1 






mA 


IIH Input High Current 

CS, R/W WDI.HSO, HS1 


VIH = 2.7V 






20 


MA 


VOL WUS Output Low Voltage 


IOL = 4.0 mA 






0.5 


VDC 


IOH WUS Output High Current 


VOH = 5.0V 






100 


ma 
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1 



WRITE MODE 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNITS 


Center Tap Voltage VCT 


Write Mode 




Vcc - 0.9 




VDC 


Head Current (per side) 


Write Mode, 
< VCC < 3.75V 


-200 




200 


ma 


Write Current Range 


750 kQ. < Rwc < 3 kQ 


10 




30 


mA 


Write Current Constant "K" 




27.6 


30 


32.4 




Iwc to Head Current Gain 






20 




mA/mA 


Write Current Boost Factor * 


WBOOST = Low 


1.28 


1.33 


1.38 


mA/mA 


Unselected Head Leakage Current 


DC Current 






85 


uA 


RDX, RDY Leakage 


RDX, RDY = 4V 
Idle Mode 


-100 




100 


MA 


WDI Pulse Width (see Figure 1) 


Vil > 0.2V PWH 


15 






ns 


PWL 


5 






ns 


*32R1 221 only 
READ MODE 


PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNITS 


Center Tap Voltage 


Read Mode 




Vcc - 2.6 




VDC 


Input Bias Current (Differential) 






50 


120 


uA 


Output Offset Voltage 


Read Mode 


-400 




+400 


mV 


Common Mode Output Voltage 


Read Mode 


2 


Vcc - 2.3 


3.5 


VDC 



FAULT DETECTION CHARACTERISTICS 

Unless otherwise specified recommended conditions apply, Iw = 15 mA, Lh = 5 u.H, Rd = 750X1 
F(WDI) = 10 MHz. 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNITS 


Minimum Rate of WDI Input for 
Safe condition 




1.25 






MHz 


Maximum Rate of WDI Input for 
Unsafe condition 








250 


kHz 


Minimum voltage value for 
guaranteed write current turn-on 




4.25 






VDC 


Maximum voltage value for 
guaranteed write current turn-off 








3.75 


VDC 
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DYNAMIC CHARACTERISTICS AND TIMING 

(Unless otherwise specified, recommended operating conditions apply and Iw = 15 mA, Lh = 5 |iH, 
Rd = 750Q, f(WDI) = 5 MHz, CL(RDX, RDY) < 20 pF.) 

WRITE MODE 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNITS 


Differential Head Voltage Swing 




5.0 


6.0 




V(pk) 


Unselected Head Transient Current 


1u.H<Lh<9.5M-H 






2 


mA(pk) 


Differential Output Capacitance 








15 


PF 


Differential Output Resistance 


32R1 220/1 221/1 222 


10 






kQ 


32R1220R/1221R/1222R 


600 




960 


Q 


READ MODE 


Differential Voltage Gain 


Vin = 1 mV RMS 


200 


250 


300 


V/V 


Bandwidth (-3dB) 


|Zs| < 5Q, Vin = 1 mVpp 


30 


50 




MHz 


Input Noise Voltage 


BW= 15 MHz, 
Lh = 0, Rh = 




0.65 


0.9 


nV/VHz 


Differential Input Capacitance 






15 


19 


PF 


Differential Input Resistance 




1.2 


2.5 




kQ 


Common Mode Rejection Ratio 


Vcm = 100 mVpp@l MHz 
</< 10 MHz 


50 






dB 


Power Supply Rejection Ratio 


Vcs =100 mVpp@1 MHz 
</< 10 MHz 


45 






dB 


Channel Separation 


Unselected Channels: 
Vin = 20 mVpp 1 MHz 
</< 10 MHz 


50 






dB 


Single Ended Output Resistance 






25 


50 




Output Current 


AC Coupled Load, 
RDXtoRDY 


1.0 


1.5 




mA 
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+5V, 2, 4-Channel Ferrite/MIG 
Read/Write Device 



1 



DYNAMIC CHARACTERISTICS AND TIMING (continued) 
SWITCHING CHARACTERISTICS 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNITS 


R/W Read to Write 


R/W to 90% of write current 






1.0 


|IS 


Write to Read 


R/W to 90% of 

100 mV. 10 MHz Read signal 
envelope 






1.0 




CS Unselect to Select 


CS to 90% Iw or to 90% of 
mO mV 10 MH7 

Read signal envelope 






1 n 




Select to Unselect 








0.6 


[IS 


HSO, 1 to any Head 


To 90% of 100 mV. 10 MHz 
Read signal envelope 






0.6 


|IS 


WUS: Safe to Unsafe (TD1) 


Write Mode, loss of WDI 


1.6 


4 


8 


|IS 


Unsafe to Safe (TD2) 


Write Mode, resumption of 
WDI 






1.0 


|IS 


Head Current 

Prop. Delay - TD3 


From 50% Points, Lh = 
Rh = 




15 


30 


ns 


Asymmetry 


WDI has 50% Duty Cycle 
and 1 ns Rise/Fall Time 






2 


ns 


Rise/Fall Time 


10% -90% Points 






20 


ns 



u 



-PWL 



if 



-PWH 
-TD1 — 



-TD2- 



■ TD3 



HEAD 
CURRENT 
(lx - ly) 



FIGURE 1 : Write Mode Timing Diagram 
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SSI 32R1 220/1 221/1 222 
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HOX 
HOY 

H1X 

SSI 32R1221 H1Y 

H2X 
H2Y 

H3X 
H3Y 

WBOOST 



Rwc * 
see Note 4 



3- 
J- 



_TTL 
Control 



NOTES 

1 . Limit DC current from RDX and RDY to 1 00 uA and load capacitance to 20 pF. In multi-chip application 
these outputs can be wire-OR'ed. 

2. The power bypassing capacitor must be located close to the device with its ground returned directly to 
device ground, with as short a path as possible. 

3. To reduce ringing due to stray capacitance this resistor should be located close to the device. Where 
this is not desirable a series resistor can be used to buffer a long WC line. 



FIGURE 2: Applications Information 
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PACKAGE PIN DESIGNATIONS 

(Top View) 



GND [ 
N/C [ 
HOX [ 
HOY [ 
H1X [ 
H1Y [ 
H2X [ 
H2Y [ 
H3X [ 
H3Y [ 
VCT [ 
N/C [ 



1 24 

2 23 

3 22 

4 21 

5 20 

6 32R1221 

4 

7 Channels 



] N/C 
] CS 
] R/W 
] WC 
] RDY 
] RDX 
] HSO 
] HS1 
] VCC 
] WDI 
] WUS 
] WBOOST 



24-Lead SOL, SOV 




20-Lead SOL, SOV 



N/C [ 1 

GND [ 2 

HOX [ 3 

HOY [ 4 

H1X [ 5 

H1Y [ 6 32R1222 
4 

H2X £ 7 Channels 

H2Y [ 8 

H3X [ 9 

H3Y [ 10 

VCT [ 11 

N/C [ 12 



24 ] N/C 

23 ] CS 

22 ] R/W 

21 ] WC 

20 ] RDY 

19 ] RDX 

18 ] HSO 

17 ] HS1 

16 ] VCC 

15 ] WDI 

14 ] WUS 

13 ] N/C 



GND [ 
HOX [ 
HOY [ 
H1X [ 
H1Y[ 
VCT [ 
WBOOST [ 
WUS [ 



32R1221 
2 

Channels 



] CS" 
] R/W 
] WC 
] RDY 

] R DX 

] HS0 
] VCC 
] WDI 



16-Lead SOL, SON 



24-Lead SOV 



Advance Information: Indicates a product still in the design cycle, and any specifications are based on design goals only. Do not use 
for final design. 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other 
rights of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. 
Silicon Systems reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to 
verify that the data sheet is current before placing orders. 



Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680, (714) 573-6000, FAX: (714) 573-6914 



1 292 - rev. 
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SSI 32R1510R 

MR Head Read/Write Device 



MMSyshriS' 

A TDK Group /Company 



DESCRIPTION 

The SSI 32R1 51 OR is an integrated circuit designed for 
use with Magneto-Resistive recording heads. It pro- 
vides a write driver and a low noise read amplifier for up 
to 8 channels. The device requires +12V and +5 Volt 
power supplies and comes in a 68-pin PLCC package. 



Advance Information 



January 1993 

FEATURES 

• Head Swing = 7.0 Vpp min 

• Rise Time = 4 ns (Typ) 

• Minimal external components 

• Input Noise = 0.72 nV/ V Hz 



BLOCK DIAGRAM 



VDD VCC 
+12V +5V GND 



IMF 

ZMF h n 



RDX 
RDY 



WUS RBAW RC CN1 CN2 CB1X c 




0193 
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CAUTION: Use handling procedures necessary 
for a static sensitive component. 



SSI 32R1510R 

MR Head Read/Write Device 



FUNCTIONAL DESCRIPTION 

The SSI 32R1510R addresses up to 8 MR heads 
providing write drive or read amplification and MR 
current biasing. Head selection and mode control is 
accomplished with pins HSn, CS and R/W as shown in 
Tables 1 and 2. 

WRITE MODE 

Taking both CS and R/W low selects Write mode which 
configures the 32R1510R as a current switch and 
activates the Write Unsafe (WUS) detect circuitry. 
Head current direction corresponds to the write data 
input level (WDX, WDY). 

The magnitude of the write current is given by: 
lw = Vwc/Rwc 

Rwc is connected from pin WC to GND. Note the actual 
head current Ihead is given by: 

lhead-= Aw • lw/(1 +Rh/Rd) 

where Aw is the write current gain, Rh is the head 
resistance, and Rd is the damping resistance. 

WRITE MODE FAULT DETECT CIRCUIT (WUS) 

Any of the following conditions will be indicated as a 
high level on the Write Unsafe, WUS open collector 
output: 

WD I frequency too low 
Device in Read or Idle mode 
Head open 
Head short to ground 
No Head current 

In the case of a head short to ground, write current will 
be turned off to prevent excessive current dissipation. 
This will result in a pulsating WUS signal. 



LOW VOLTAGE FAULT PROTECT 

The voltage fault detection circuit improves data secu- 
rity by disabling the write current generator during a low 
voltage fault or power startup regardless of mode. Note 
that WUS does not necessarily turn on to flag a power 
supply fault condition. 

READ BIAS ACTIVE IN WRITE (RBAW) 

The RBAW pin is a TTL control signal. A low level 
enables the M R bias current through the selected head 
in Write mode (Table 3) . It ca n be us ed to speed up the 
write to read transition time. RBAW timing is shown in 
Figure 2. 

READ MODE 

Taking CS low and R/W high selects Read mode which 
activates the bias current generator and the differential 
amplifier. The magnitude of the bias current is given by: 

lb = Ar- Vrc/Rrc 

= Kr/Rrc 

where Ar is the bias current gain and Kr is the product 
of Ar and Vrc. Rrc is connected from pin RC to GND. 

A voltage monitor, VMF, is provided for media biasing. 
In Read mode its output is set at the head bias voltage 
Vmr. 

RDX and RDY are open collector outputs and should 
be terminated with "lOOQ Ioad resistors. 

IDLE MODE 

Taking CS high selects Idle mode which switches the 
RDX and RDY outputs into a high impedance state and 
deactivates the internal write current source. This 
facilitates multi-device installations by allowing the 
read outputs to be wire OR'ed. 



TABLE 1 : Mode Select/VMF Select 



CS 


R/W 


VCTRL 


MODE 


VMF VALUE 








X 


Write 


Dummy Head Center Voltage 





1 


X 


Read 


Selected Channel Center Voltage 


1 


X 





Idle 


High Impedance 


1 


X 


1 


Idle 


Dummy Head Center Voltage 
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SSI 32R1510R 
MR Head Read/Write Device 



TABLE 2: Head Select 



TABLE 3: Read Bias Active in Write 



Head 


HS2 


HS1 


HSO 


Selected 




















1 








1 


2 





1 





3 





1 


1 


4 


1 








5 


1 





1 


6 


1 


1 





7 


1 


1 


1 



MODE 


R/W 


RBAW 


MR Head Bias Current | 


Read 


1 


X 


On 


Write 








On 







1 or Open 


Off I 



PIN DESCRIPTION 
CONTROL INPUT PINS 



NAME 


TYPE 


DESCRIPTION 


CS 


I 


Chip Select Input. A logical low level enables the circuit for a read or write 
operation. Has internal pull up. 


R/W 


I 


Read/write select. A logical low level enables the write mode (when CS is 
low). Has internal pull up. 


VCTRL 


I 


Voltage Control. In Idle mode, a high level selects VMF to supply a bias 
value. A low level selects high impedance. 


RBAW 


I 


Read Bias Active In Write. A TTL low level enables the MR bias current 
through the selected head in both Read & Write modes. 


HSO, HS1, 
HS2 


I 


Head select inputs. Logical combinations select one of eight heads. 
See Table 2. Has internal pull down resistors. 


HEAD TEMINAL PINS 


HROX - HR7X 
HROY - HR7Y 


I 


MR read element X, Y connections. 


HW0X-HR7X 
HW0Y-HR7Y 





MR write element X, Y, connections 


DATA INPUT/OUTPUT PINS 


WDX, WDY 


I 


Differential write data input. 


RDX, RDY 





Differential Read Data output. These open collector outputs are normally 
terminated in '\00Q. resistors to VCC. 


EXTERNAL COMPONENT CONNECTION PINS 


wc 


I/O 


Resistor connected to GND to provide desired value of write current. 


RC 




Resistor connected to GND to provide selected value of bias current. 


CN1.CN2 




Noise decoupling capacitor for MR bias source. 


CB1X, CB1Y 
CB2X, CB2Y 




DC blocking capacitors 



1-89 



SSI32R1510R 
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PIN DESCRIPTION (continued) 

CIRCUIT MONITOR PINS 



NAME 


TYPE 


DESCRIPTION 


wus 





Write Unsafe is an open-collector output with the off-state indicating that 
conditions are not proper for a write operation. 


wsv 





Write Select Verify. Indicates that write current generator is active. 


IMF 





Current Monitor. Sinks 3 mA of current when device is actiive. 


VMF 





Voltage Monitor. Provides equivalent voltage to MR element bias midpoint 
[(V(HRnX) - V(HRnY))/2]. 


POWER, GROUND PINS 


vcc 


I 


+5V logic circuit supply. 


VDD 


I 


+12V power supply. 


GND 


I 


Power supply common. 



ELECTRICAL SPECIFICATIONS 
ABSOLUTE MAXIMUM RATINGS 

Operation beyond the maximum ratings may damage the device. 



PARAMETER 


RATING 


Storage Temperature 


-65 to 150°C 


Junction Operating Temperature 


+130°C 


Positive Supply Voltage (VCC) 


-0.3 to 6V 


Positive Supply Voltage (VDD) 


-0.3 to 14.0V 


Voltage Applied to Logic Inputs 


-0.3V to VCC+0.3V 


All other Pins 


-0.3V to Vcc+0.3V 
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ELECTRICAL SPECIFICATIONS (continued) 
ELECTRICAL CHARACTERISTICS 

Unless otherwise specified, 4.5V < 5.5V, 10.8V < VDD < 13.2V, 0°C < Ta < 70°C. 
Current maximums are currents with the highest absolute value. 



POWER DISSIPATION 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


VCC Supply Current 


Read Mode, Isense = 20 mA 




12 


TBD 


mA 


Write Mode Iw = 30 mA 




18 


TBD 


mA 


Idle Mode 




7 


TBD 


mA 


VDD Supply Current 


Read Mode, Isense = 20 mA 




30+ 
Is- 1.2 


TBD 


mA 


Write Mode Iw = 30 mA 




34+lw 


TBD 


mA 


Idle Mode 




26 


TBD 


mA 


Power Dissipation 


Read Mode Isense = 20 mA 




480 + 1.2 
Is • VDD 




mW 


Write Mode Iw = 30 mA 




500 + 
(VDD -2) 
• Iw 




mW 


Idle Mode 




340 




mW 



DIGITAL INPUTS AND OUTPUTS 



WSV, WUS Output low Voltage 


I load = 4 mA 






0.5 


V 


Input low voltage (VIL1) 
(CS,R/W,VCTRL,RBAW,HS0-HS2) 




-0.3 




0.8 


V 


Input high voltage (VIM) 
(CS,R/W,VCTRL,RBAW,HS0-HS2) 




2.0 




Vcc+0.3 


V 


Input low current (IIL1) 
(CS,R/W,VCTRL,RBAW,HS0-HS2) 


VIL1=0.8V 


-0.4 






mA 


Input high current (MM) 
(CS,R/W,VCTRL,RBAW,HS0-HS2) 


VIH1 = 2.0V 






100 


MA 


Input low Voltage (VIL3) 
(WDX, WDY) 




Vcc-2.2 




VIH3-0.3 


V 


Input high Voltage (VIH3) 
(WDX, WDY) 




VIL3 
+0.3V 




Vcc-0.5 


V 


Input low current (IIL3) 
(WDX, WDY) 


VIL3=Vcc-1.4 






50 


uA 


Input high current (IIH3) 
(WDX, WDY) 


VIH3 = Vcc-0.8 






50 


uA 
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ELECTRICAL SPECIFICATIONS (continued) 
ANALOG OUTPUT 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


IMF Current 


CS = 


2.4 


3 


3.6 


mA 


IMF Current 


CS = 1 






0.1 


mA 


VMF Current 


Sourcing 


4 






mA 


Sinking 


1 






mA 


Voltage Monitor Output (VMF) 


Read mode 


Vmr-0.1 


Vmr 


Vmr+0.1 


V 


Write in 




5.5 






Idle mode, VCTRL= 1 




5.5 






READ MODE 

Test performed with 100Q lead resistors from RDX & RDY to VCC 


Read Bias Current Gain (Ar) 


Read Mode 




20 




mA/mA 


Idle Mode 






0.01 


mA/mA 


Bias current setting Voltage (Vrc) 






2 




V 




Kr-Ar • Vrr 


^7 n 

0/ .u 


AC) 


49 n 


V 


lh Bias Current 

(MR Element Bias Current) 


Read Mode 


15 




25 


mA 


Unselected bias Current 








10 


uA 


MR Head Bias Voltage (Vmr) 


Selected Channel (Read) 




5.5 




V 


Unselected Channel (Read) 




4.9 




V 


Write, Idle Mode 




4.9 




V 


MR Head Resistance (Rh) 




10 


15 


25 


Q. 


Differential Gain 




100 


150 


180 


VA/ 


Differential Input Resistance 






210 




Q 


Dynamic Range 


Input Voltage where gain 
falls to 90% of its small 
signal gain value f = 5 MHz 


8 






mVpp 


Input Referred Noise Voltage 






0.72 


0.95 


nVAf Hz 


Differential Input Capacitance 






18 




PF 


Bandwidth 


-3dB, Vin = 1 mVppZs = 5ft 


70 


100 




MHz 


CMRR 


Vin = 100 mVpp@5MHZ 


55 






dB 


PSRR 


100mVpp@5MHZ 
on VCC, VDD 


50 






dB 


Channel Separation 




45 






dB 
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READ MODE(continued) 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


Output Offset Voltage 




-300 




300 


mV 


Output Voltage (common mode) 






Vcc-0.6 




VDC 


Output Leakage Current 








100 


1uA 


WRITE MODE 


Write Current gain (Aw) 


Rh = 


0.96 


0.99 


1 


mA/mA 


Write Current Voltage, Vwc 




1.9 


2.0 


2.1 


V 


Write Current range 




10 




50 


mA 


Differential Head Voltage Swing 




7.0 


8.0 


9.0 


Vpp 


Unselected Head current 


DC 






0.2 


mA 


AC 






1 


mApp 


Head differential load resistance 




360 


450 


540 




VDD Fault Voltage 




8.5 




10.0 


VDC 


VCC Fault Voltage 




3.5 




4.2 


VDC 


Head Current (HnX, HnY) 


Write Mode, 0< VCC < 3.5V 
< VDD < 8.5V 


-200 




+200 


uA 


Read/Idle Mode 
< VCC < 5.5V 
0< VDD < 13.2V 


-200 




+200 


uA 


SWITCHING CHARACTERISTICS 

Conditions: Head Variance Rh = ±10% max, CB1 = CB2 = 0.1 uF, Is = 20 mA, Iw = 30 mA 


PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


Head Switching 


to 90% of Read Envelope 




1 


2 


us 


Write-Read Mode 


to 90% of Read Envelope 




1 


2 


us 


Read-Write Mode 


to 90% of Write Current 




0.2 


0.5 


us 


Idle-Read/Write Mode 


to 90% of Read Envelope 




2 


5 


US 


Read/Write - Idle Mode 






0.2 


0.5 


MS 


WUS Safe to Unsafe (TD1) 


WDI Frequency too low 




0.7 


1.5 


US 


WUS Unsafe to Safe (TD2) 






0.1 


0.3 


us 


WSV Delay Time 


50% R/W to 50% WSV 






0.5 


us 


IMF Delay Time 


50% CS/ to 50% IMF Current 






0.5 


us 


Write Current 
Rise/Fall time 


Lh = 200 nH 
Rh = 15 n 
Iw = 30 mA 




4 


5 


ns 
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SWITCHING CHARACTERISTICS (continued) 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


Propagation delay 


50%(WDX-WDY) to 
50%(lx-ly) 




4 




ns 


Write current Asymmetry 


Propagation delay 
difference 






0.5 


ns 



MR Head Bias . 
Current 



R/W . 



RBAW • 



WRITE 



READ 



WRITE 



READ 



ON 

OFF 
HIGH 

LOW 

HIGH or OPEN 
LOW 



FIGURE 2: Head Bias Current Timing 




FIGURE 3: WUS Timing 



1-94 



SSI 32R1510R 
MR Head Read/Write Device 



1 



PACKAGE PIN DESIGNATIONS 

(Top View) 



$ 5 £ 
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HR2Y [ 11 
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HR3Y [ 15 
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3 RDX 
] VMF 
] HSO 
] HS1 
] HS2 
] N/C 
3 CNY 
] CNX 
] VCC 
] WDX 
3 WDY 
3 WSV 

3 wus 

3 IMF 



QQQO 



P o 



68-Pin PLCC 



Advance Information: Indicates a product still in the design cycle, and any specifications are based on design goals only. Do not use for final 
design. 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data sheet 
is current before placing orders. 
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SSI 32R2010R 

10-Channel Thin Film 
Read/Write Device 



Preliminary Data 




January 1993 



DESCRIPTION 

The SSI 32R2010R is an integrated read/write circuit 
designed for use with two terminal heads in disk drive 
systems. The device contains up to ten channels of 
read amplifiers and write drivers and also has an 
internal write current source. An internal 330Q damp- 
ing resistor is supplied in write mode, which is switched 
to 1 k£2 in read mode. 

The circuit operates on +5V and +1 2V power supplies 
and is available in a 10 channel, 36 pin SO package. 



FEATURES 



High performance 

- Read Mode Gain = 1 50 Typ V/V 

- Input Noise = 0.58 nV/Vfiz typ. 

- Input Capacitance = 1 5 pF typ. 

- Write Current Range = 10 mA to 25 mA 

- Write Current Rise Time = 4 ns 
Head Voltage Swing = 7 Vpp min 

Write unsafe detection 

Differential, ECL-like write data input 

Open collector read data output 

Switch from 300Q damping resistor to 1 kQ 
read input resistance 
Power supply fault protection 
+5V, +12V power supplies ±10% 



BLOCK DIAGRAM 



PIN DIAGRAM 



VDD1 GND 




HOX 


c 


1 


36 


1 


GND 


HOY 


c 


2 


35 


: 


HS3 


H1X 


c 


3 


34 


] 


CS 


H1Y 


[ 


4 


33 


] 


R/W 


H2X 


c 


5 


32 


] 


WC 


H2Y 


[ 


6 


31 


] 


RDY 


H3X 


c 


7 


30 


] 


RDX 


H3Y 


c 


8 


29 


] 


HSO 


H4X 
H4Y 


c 


9 28 
32R2010R 

10 10CM 27 


] 
] 


HS1 
HS2 


H5X 


c 


11 


26 


] 


VCC 


H5Y 




12 


25 


] 


WDY 


H6X 


c 


13 


24 


] 


WDX 


H6Y 


c 


14 


23 


] 


WUS 


H7X 


c 


15 


22 


] 


VDD1 


H7Y 


c 


16 


21 


] 


VDD2 


H8X 


[ 


17 


20 


] 


H9Y 


H8Y 


c 


18 


19 


] 


H9X 
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CAUTION: Use handling procedures necessary 
for a static sensitive component. 



SSI 32R2010R 
10-Channel Thin Film 
Read/Write Device 



FUNCTIONAL DESCRIPTION 

The SSI 32R201 OR addresses up to 1 channels with 
logic control inputs which are TTL compatible. Head 
selection is accomplished as shown in Table 1 . Mode 
selection is accomplished as shown in Table 2. The 
mode select inputs have internal pull up circuits so that 
if an input is open it will rise to the upper logic level and 
force the device into a non-writing condition. 

WRITE MODE 

In Write Mode (R/WandCS low) the circuit functions as 
a current switch. The Head Select Inputs HSO, HS1 , 
HS2 and HS3 determine the selected head. The write 
data inputs (WDX, WDY) determine the polarity of the 
head current. When WDX is high and WDY is low, write 
current is in the X direction. HNX is sinking current. 

The write current magnitude is adjusted by an external 
resistor, Rwc, from WC to GND, and is given by: 

lw = Vwc/Rwc 
Note that actual head current, Ihd, is: 

lhd = lw/(1+B^) + loffset 

where Rh is head resistance, Rd is write damping 
resistance and loffset is a constant DC offset current. 

WRITE MODE FAULT DETECT CIRCUIT 

Several circuits are dedicated to detecting fault condi- 
tions associated with the write mode. A logical high (off) 
level will be present at the Write Unsafe (WUS) ter- 
minal if any of the following write fault conditions are 
present: 

• Open head circuit (lw > 20 mA) 
Head shorted to ground 

• Write current transition frequency too low 
Write mode not logically selected 

A head shorted to ground condition results in a pulsat- 
ing WUS signal. 



After the fault condition is removed, two transitions of 
the write data input lines are required to clear WUS. 
The Write Unsafe output is open-collector and is usu- 
ally terminated by an external resistor connected to 
VCC. 

Additionally, power voltage monitoring circuits are 
used to detect VCC and VDD1 voltage levels. If either 
is too low to permit valid data recording , write current is 
inhibited. 

READ MODE 

In Read Mode, (R/W high and CS low), the circuit 
functions as a low noise differential amplifier. The read 
amplifier input terminals are determined by the Head 
Select inputs. The read amplifier outputs (RDX, RDY) 
are open collector, requiring external load resistors 
connected to VCC. The amplifier gain polarity is non- 
inverting between HnX, HnY inputs and RDX, RDY 
outputs. 

The switch from write to read modes also changes the 
resistance across HnX and HnY from its write damping 
value of 300Q to its read mode input value of 1 kQ. 

IDLE MODE 

Taking CS high selects the idle mode which switches 
the RDX and RDY outputs into a high impedance state 
and deactivates the internal write current source. This 
facilitates multi device installations by allowing the 
read outputs to be wired OR'ed and the write current 
programming resistor to be common to all devices. 
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TABLE 1: Head Select 



TABLE 2: Mode Select 



Head Selected 


HS3 


HS2 


HS1 


HSO 

















1 











1 


2 








1 





3 








1 


1 


4 





1 








5 





1 





1 


6 





1 


1 





7 





1 


1 


1 


8 


1 











9 


1 








1 



C5 


R/W 


Mode 








Write 





1 


Read 


1 





Idle 


1 


1 


Idle 



PIN DESCRIPTION 
CONTROL INPUT PINS 



NAME 


TYPE 


DESCRIPTION 


CS 


I 


Chip Select Input. A logical low level enables the circuit for a read or write 
operation. Has internal pull up. 


R/W 


I 


Read/write select. A logical low level enables the write mode (when CS is 
low). Has internal pull up. 


HSO, HS1, 
HS2, HS3 


I 


Head select inputs. Logical combinations select one of sixteen heads. 
See Table 1 . Has internal pull down resistors. 


HEAD TERMINAL PINS 


H0X-H9X, 
H0Y-H9Y 


I/O 


X, Y Head connections: Current in the X-direction flows into the X-port. 


DATA INPUT/OUTPUT PINS 


WDX, WDY 


I/O 


Differential write data input. 


RDX, RDY 


I/O 


Differential Read Data output. These open collector outputs are normally 
terminated in 100Q. resistors to VCC. 


EXTERNAL COMPONENT CONNECTION PINS 


wc 


I/O 


Resistor connected to GND to provide desired value of write current. 


CIRCUIT MONITOR PINS 


wus 





Write Unsafe is an open-collector output with the off-state indicating that 
conditions are not proper for a write operation. 


POWER, GROUND PINS 


vcc 


I 


+5V Logic circuit supply. 


VDD1 


I 


+12V power supply. 


VDD2 


I 


Positive power supply for write current drivers. 


GND 


I 


Power supply common. 
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ELECTRICAL SPECIFICATIONS 
ABSOLUTE MAXIMUM RATINGS 

Operation above maximum ratings may permanently damage the device. 



PARAMETER 


RATING 


UNIT 


Positive Supply Voltage, VCC 


6 


VDC 


Supply Voltage, VDD1, 2 


13.5 


VDC 


Operating Junction Temperature 


+130 


°C 


Storage Temperature 


-65 to +130 


°C 


Package Temperature (20 sec. reflow) 


215 


°C 


Input Voltages 


HSO, HS1, HS2, HS3, CS, R/W 


-0.2 to VCC + 0.2 


VDC 


Outputs 


Read Data (RDX, RDY) 


VCC -2.5 to VCC + 0.3 


VDC 


Write Unsafe (WUS) 


-0.2V to VCC + 0.2V 


VDC 


Current Reference (WC) 


-80 mA to 1 .0 mA 


VDC 


Head Outputs (Write Mode) 


-80 mA to 1 .0 mA 


mA 



POWER SUPPLY 

Unless otherwise specified, 4.5V < VCC < 5.5V, 10.8V < VDD1, 2 < 13.2V, 0°C < T (ambient) < 70°C. 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


Power Dissipation (Does not 
include power dissipation through 
RDX, RDY load resistors) 


Idle mode 




195 


295 


mW 


Read mode 




440 


650 


mW 


Write mode 




350+ 10 lw 


530+ 11.2 lw 


mW 


Positive Supply Current (ICC) 
(Includes RDX, RDY currents) 


Idle Mode 




13 


20 


mA 


Read Mode 




27 


30 


mA 


Write Mode 




22 


26 


mA 


Positive Supply Current (IDD1) 


Idle Mode 




10 


12 


mA 


Read Mode 




32 


38 


mA 


Write Mode 




23 


28 


mA 


Positive Supply Current (IDD2) 


Idle Mode 




0.5 


2 


mA 


Read Mode 




1 


1.5 


mA 


Write Mode 




1 + lw 


2 + lw 


mA 
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DC CHARACTERISTICS 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


High-level Input Voltage VIH 
(CS R/W HSO HS1 HS2 HS3} 




2.0 






V 


Low-level Input Voltage VIL 
(CS R/W HSO HS1 HS2 HS3} 








0.8 


V 


High-level Input Current IIH 
(CS, R/W, HSO, HS1, HS2, HS3) 


VIH = 2.7V 






100 


uA 


Low-level Input Current III— 
(CS, R/W, HSO, HS1, HS2, HS3) 


VIL = 0.4V 






-400 


uA 


High-level Output Voltage VIH 
(WDX, WDY) 




Vcc-1.0 




Vcc-0.72 


V 


Low-level Output Voltage VIL 
(WDX, WDY) 




Vcc-1.87 




Vcc- 1.625 


V 


WUS, Low Level Voltage 


ILUS = 4mA 
(denotes safe condition) 






0.5 


V 


WUS, High Level Current 


VHUS = 5.0V 

(denotes unsafe condition) 






100 


uA 



WRITE MODE 

Test Conditions (Unless otherwise specified). VCC = 4.5 to 5.5V, Ta = to +70°C, VDD = 1 0.8 to 1 3.2V, Lh 
= 470 nH, Rh = 25&, WD Tr, Tf < 2 ns, Iw = 20 mA. 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


Current Range, Iw 




10 




25 


mA 


Write Current Voltage, Vwc 




1.95 


2.05 


2.15 


V 


Differential Head voltage Swing 




7.0 


7.6 




Vpp 


loffset 






0.5 




mA 


Unselected Head 
Transient Current 


Non adjacent heads tested 
to minimize external coupling 
effects 






1 


mA(pk) 


Head Damping Resistance 




240 


300 


360 


a 


Differential Output 
Capacitance 








20 


PF 
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FAULT DETECTION CHARACTERISTICS 

Test conditions same as Write Mode above (unless otherwise specified.) 



CHARACTERISTIC 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


VCC Value for Write 
Current Turn off 


Ih < 1 mA 


3.7 


4.0 


4.3 


V 


VDD Value for Write 
Current Turn off 


Ih < 1 mA 


9.5 


10.0 


10.5 


V 


WDX, WDY Transition Frequency 


WUS = Low (Guaranteed safe) 


1.0 






MHz 



READ MODE 

Tests performed with 1 00Q. load resistors from RDX and RDY to VCC. Test conditions same as Write mode 
(unless otherwise specified.) 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


Differential Voltage Gain 


Vin = 1 mVpp, / = 300 kHz 


120 


150 


180 


v/v 


Voltage Bandwidth (-3dB) 


Zs < 5Q, Vin = 1 mVpp 


75 


100 




MHz 


(-1dB) 


Zs < 5Q, Vin = 1 mVpp 


20 


35 




MHz 


Input Noise Voltage 


Zs = 0Q , Vin = 0V, 
Power Bandwidth = 20 MHz 




0.58 


0.75 


nVVHz 


Differential Input Capacitance 


Vin = 0V, / = 5 MHz 




15 


20 


PF 


Differential Input Resistance 


Vin = 0V, / = 5 MHz 


400 




1500 


Q, 


Dynamic Range @ 5 MHz 


Input voltage where AC 
gain falls to 90% of the gain 


4 






mVpp 


Common Mode Rejection Ratio 


Vin = 100 mVpp, 0V DC 
/ = 5 MHz 


60 


90 




dB 


Power Supply Rejection Ratio 


VCC or VDD = 100 mVpp 
/ = 5 MHz 


55 


75 




dB 


Channel Separation 


Unselected channels are 
driven with Vin = 20 mVpp 
@ 5MHz 


60 


90 




dB 


Output Offset Voltaae 


Rh = 0, Lh = 


-250 




250 


mV 


Output Leakage Current 


Idle Mode 






20 




Output Common Mode Voltage 


Rh = 0, Lh = 


VCC - 0.9 


VCC -0.5 


VCC - 0.3 


V 


Output Voltage Compliance 


Adjust RDX, Y load voltage 
source for <5% THD of either 
output. 


VCC-1.6 




VCC 


V 
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SWITCHING CHARACTERISTICS 

Test conditions same as Write Mode plus RDX, Y connected VCC through 100Q resistors, WUS with 1kQ 
to VCC. 



PARAMETER 


UUIMUI 1 lUIMo 


Mlkl 
MIIM 


MOM 
NUM 


MAY 

MAX 


1 IKIIT 

UNI 1 


Idle to Read/Write Transition Time 


Delay to 1 or 90% of Read 
uuipui or wrue ourrem 




75 


150 


MS 


Read/Write to Idle Transition Time 






85 


150 


ns 


Read to Write Transition Time 


VLCS = 0.8V, 
Delay to 90% of Iw 




85 


150 


ns 


Write to Read Transition Time 


VLCS = 0.8V, Delay to 90% of 
10 MHz Read Signal, 100 mV 
envelope 




60 


150 


ns 


Head Select Switching Delay 


Read or Write Mode 






500 


ns 


Head Current Rise and Fall Times 
10% to 90% 


Iw = 25 mA, Lh = nH 
Rh = 0Q 




2.5 


4.0 


ns 


lw=15mA, Lh=1 uJH 
Rh = 45Q 




6 




ns 


Head Current Rise and Fall 
Difference 








0.5 


ns 


Head Current Switching Delay 

DifforAnpck ( Ac\/mmptr\/\ 


WDX, WDY transitions 2 ns, 

owiiL>iuiiy in lit/ cioyi i ii i icJii y 

0.2 ns 






0.5 


ns 


Head Current Propogation Delay 
(TD3) 


50% WD to 50% Iw 




8 


15 


ns 


Unsafe to Safe Delay After 
Write Data Begins (WUS) (TD2) 


/(data) = 5 MHz 

Write Mode (After 2 transitions 

of WD) 






200 


ns 


Unsafe to Safe Delay After 
Write Mode Selected (WUS) 








0.5 +Tw* 


us 


Safe to Unsafe Delay (WUS) 
(TD1) 


After Write Mode fault cond- 
ition occurs 






1.5 


us 


Safe to Unsafe Delay (WUS) 


After exiting Write Mode 






0.5 


us 



*Tw is the period of the write data input. 
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PACKAGE PIN DESIGNATIONS 

(Top View) 
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1 


36 


] GND 


HOY 


[ 


2 


35 


] HS3 
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34 


] 
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4 


33 
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5 


32 


] WC 


H2Y 


[ 


6 


31 


] RDY 


H3X 


[ 


7 


30 


] RDX 


H3Y 


[ 


8 


29 


] HSO 


H4X 


[ 


9 


28 


] HS1 






32R2010R 


H4Y 


c 


10 10CM 


27 


] HS2 


H5X 


c 


11 


26 


] VCC 


H5Y 


[ 


12 


25 


] WDY 


H6X 


[ 


13 


24 


] WDX 


H6Y 


[ 


14 


23 


] WUS 


H7X 


c 


15 


22 


] VDD1 


H7Y 


c 


16 


21 


] VDD2 


H8X 


[ 


17 


20 


] H9Y 


H8Y 


[ 


18 


19 


] H9X 



36-Lead SOM 



THERMAL CHARACTERISTICS: 6ja 
36-Lead SOM 75°C/W 



ORDERING INFORMATION 



PART DESCRIPTION 


ORDER NO. 


PKG. MARK 


SSI32R2010R 
36-Lead SOM 


32R2010R-CM 


32R2010R-10CM 



Preliminary Data: Indicates a product not completely released to production. The specifications are based on preliminary evaluations and 
are not guaranteed. Small quantities are available, and Silicon Systems should be consulted for current information. 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data sheet 
is current before placing orders. 



Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680, (714) 573-6000, FAX: (714) 573-6914 



©1991 Silicon Systems, Inc. 
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A TDK Group/Company 



DESCRIPTION 

The SSI 32R2015R is an integrated read/write circuit 
designed for use with two terminal heads in disk drive 
systems. The device contains sixteen channels of read 
amplifiers and write drivers and also has an internal 
write current source. An internal 330Q damping resis- 
tor is supplied in Write mode, which is switched to 1 kQ. 
in Read mode. 

The circuit operates on +5V and +1 2V power supplies 
and is available in a 52-pin package. 



Advance Information 



January 1993 

FEATURES 

• High performance 

- Read Mode Gain = 150 Typ V/V 

- Input Noise = 0.58 nV/VHz typ. 
Input Capacitance = 15 pF typ. 

- Write Current Range = 10 mA to 25 mA 

- Write Current Rise Time = 4 ns 
Head Voltage Swing = 7 Vpp min 

• Write unsafe detection 

• TTL write data input 

• Open collector read data output 

• Switch from 330£2 damping resistor to 1 kQ 
read input resistance 

• Power supply fault protection 

• +5V, +12V power supplies ±10% 
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CAUTION: Use handling procedures necessary 
for a static sensitive component. 



SSI 32R2015R 
16-Channel Thin Film 
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FUNCTIONAL DESCRIPTION 

The SSI 32R201 5R addresses up to 1 6 channels with 
logic control inputs which are TTL compatible. Head 
selection is accomplished as shown in Table 1 . Mode 
selection is accomplished as shown in Table 2. The 
mode select inputs have internal pull up circuits so that 
if an input is open it will rise to the upper logic level and 
force the device into a non-writing condition. 

WRITE MODE 

In Write Mode (R/Wand CS low) the circuit functions as 
a current switch. The Head Select Inputs HSO, HS1, 
HS2 and HS3 determine the selected head. Write 
current is toggled between the X and Y direction of the 
selected head on each high to low transition on pin 
WDI, Write Data Input. 

A preceding read operation initializes the Write Data 
Flip-Flop (WDFF) to pass data in the X-direction of the 
head. The write current magnitude is adjusted by an 
external resistor, Rwc, from WC to GND, and is given 
by: 

Iw = Vwc/Rwc 
Note that actual head current, Ihd, is: 

Rh 

lhd=lw/(1+^)+loffset 

where Rh is head resistance, Rd is write damping 
resistance and loffset is a constant DC offset current. 

WRITE MODE FAULT DETECT CIRCUIT 

Several circuits are dedicated to detecting fault condi- 
tions associated with the Write mode. A logical high 
(off) level will be present at the Write Unsafe (WUS) 
terminal if any of the following write fault conditions are 
present: 

• Open head circuit 
Head shorted to ground 
Write current transition frequency too low 
Write mode not logically selected 

A head shorted to ground condition results in a pulsat- 
ing WUS signal. 



After the fault condition is removed, two negative 
transitions of WDI are required to clear WUS. 

The Write Unsafe output is open-collector and is usu- 
ally terminated by an external resistor connected to 
VCC. 

Additionally, power voltage monitoring circuits are 
used to detect VCC and VDD1 voltage levels. If either 
is too low to permit valid data recording, write current is 
inhibited. 

READ MODE 

In Read Mode, (R/W high and CS low), the circuit 
functions as a low noise differential amplifier. The read 
amplifier input terminals are determined by the Head 
Select inputs. The read amplifier outputs (RDX, RDY) 
are open collector, requiring external load resistors 
connected to VCC. The amplifier gain polarity is non- 
inverting between HnX, HnY inputs and RDX, RDY 
outputs. 

The switch from Write to Read modes also changes the 
resistance across HnX and HnY from its write damping 
value of 300Q to its Read mode input value of 1 kQ. 

IDLE MODE 

Taking CS high selects the Idle mode which switches 
the RDX and RDY outputs into a high impedance state 
and deactivates the internal write current source. This 
facilitates multi device installations by allowing the 
read outputs to be wired OR'ed and the write current 
programming resistor to be common to all devices. 
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TABLE 1 : Head Select 



TABLE 2: Mode Select 



Head Selected 


HS3 


HS2 


HS1 


HSO 

















1 











1 


2 








1 





3 








1 


1 


4 





1 








5 





1 





1 


6 





1 


1 





7 





1 


1 


1 


8 













9 










1 


10 







1 





11 







1 


1 


12 




1 








13 




1 





1 


14 




1 


1 





15 




1 


1 


1 



cs 


R/W 


Mode 








Write 





1 


Read 


1 





Idle 


1 


1 


Idle 



PIN DESCRIPTION 
CONTROL INPUT PINS 



NAME 


TYPE 


DESCRIPTION 


CS 


I 


Chip Select Input. A logical low level enables the circuit for a read or write 
operation. Has internal pull up. 


R/W 


I 


Read/write select. A logical low level enables the Write mode (when CS is 
low). Has internal pull up. 


HSO, HS1, 
HS2, HS3 


I 


Head select inputs. Logical combinations select one of ten heads. 
See Table 1. Has internal pull down resistors. 


HEAD TERMINAL PINS 


H0X-H15X, 
H0Y-H15Y 


I/O 


X, Y Head connections: Current in the X-direction flows into the X-port. 


DATA INPUT/OUTPUT PINS 


WDI 


I/O 


TTL Write Data Input: a negative transition toggles the direction of the head current. 


RDX, RDY 


I/O 


Differential Read Data output. These open collector outputs are normally 
terminated in 100Q resistors to VCC. 


EXTERNAL COMPONENT CONNECTION PINS 


wc 


I/O 


Resistor connected to GND to provide desired value of write current. 


CIRCUIT MONITOR PINS 


WUS 





Write Unsafe is an open-collector output with the off-state indicating that 
conditions are not proper for a write operation. 


POWER, GROUND PINS 


vcc 


I 


+5V Logic circuit supply. 


VDD1 


I 


+12V power supply. 


VDD2 


I 


Positive power supply for write current drivers. 


GND 


I 


Power supply common. 
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ELECTRICAL SPECIFICATIONS 
ABSOLUTE MAXIMUM RATINGS 

Operation above maximum ratings may permanently damage the device. 



PARAMETER 


RATING 


UNIT 


Positive Supply Voltage, VCC 


6 


VDC 


Supply Voltage, VDD1, 2 


13.5 


VDC 


Operating Junction Temperature 


130 


°C 


Storage Temperature 


-65 to +130 


°C 


Package Temperature (20 sec. reflow) 


215 


°C 


Input Voltages 


HSO, HS1, HS2, HS3, CS, R/W, WDI 


-0.2 to VCC + 0.2 


VDC 


Outputs 


Read Data (RDX, RDY) 


VCC -2.5 to VCC + 0.3 


VDC 


Write Unsafe (WUS) 


-0.2V to VCC + 0.2V 


VDC 


Current Reference (WC) 


-80 mA to 1 .0 mA 


VDC 


Head Outputs (Write Mode) 


-80 mA to 1.0 mA 


mA 



POWER SUPPLY 

Unless otherwise specified, 4.65V < VCC < 5.35V, 10.8V < VDD1 , 2 < 13.2V, 0°C < T (ambient) < 70°C. 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


Power Dissipation (Does not 
include power dissipation through 
RDX, RDY load resistors) 


Idle mode 




185 


300 


mW 


Read mode 




440 


610 


mW 


Write mode 




350+ 10 Iw 


530+ 11.2 Iw 


mW 


Positive Supply Current (ICC) 
(Includes RDX, RDY currents) 


Idle Mode 




13 


20 


mA 


Read Mode 




27 


35 


mA 


Write Mode 




18 


26 


mA 


Positive Supply Current (IDD1) 


Idle Mode 




9 


12 


mA 


Read Mode 




29 


33 


mA 


Write Mode 




20 


33 


mA 


Positive Supply Current (IDD2) 


Idle Mode 




1 


2 


mA 


Read Mode 




3 


5 


mA 


Write Mode 




2 + Iw 


3 + Iw 


mA 



1-108 



SSI 32R2015R 
16-Channel Thin Film 
Read/Write Device 



1 



DC CHARACTERISTICS 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


High-level Input Voltage VIH 
(CS, R/W, HSO, HS1, HS2, HS3, 
WDI) 




2.0 






V 


Low-level Input Voltage VIL 
(CS, R/W, HSO, HS1, HS2, HS3, 
WDI) 








0.8 


V 


High-level Input Current IIH 
(CS, R/W, HSO, HS1, HS2, HS3, 
WDI) 


VIH = 2.7V 






100 


ma 


Low-level Input Current IIL 
(CS, R/W, HSO, HS1, HS2, HS3, 
WDI) 


VIL = 0.4V 






-400 




WUS, Low Level Voltage 


ILUS = 8mA 
(denotes safe condition) 






0.5 


V 


WUS, High Level Current 


VHUS = 5.0V 

(denotes unsafe condition) 






100 


uA 



WRITE MODE 

Test Conditions (Unless otherwise specified). VCC = 4.5 to 5.5V, Ta = to +70°C, VDD = 10.8 to 13.2V, 
Lh = 470 nH, Rh = 25Q, WDI Tr, Tf < 2 ns, Iw = 20 mA. 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


Current Range, Iw 




10 




25 


mA 


Write Current Voltage, Vwc 




1.95 


2.05 


2.15 


V 


Differential Head voltage Swing 




7.0 






Vpp 


loffset 






0.5 




mA 


Unselected Head 
Transient Current 


Non-adjacent heads 
tested to minimize external 
coupling effects 






1 


mA(pk) 


Head Damping Resistance 




230 


330 


430 


a 


Differential Output 
Capacitance 








20 


PF 
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FAULT DETECTION CHARACTERISTICS 

Test conditions same as Write Mode above (unless otherwise specified). 



CHARACTERISTIC 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


VCC Value for Write 
Current Turn off 


lh< 1 mA 


3.7 


4.0 


4.3 


V 


VDD Value for Write 
Current Turn off 


lh< 1 mA 


9.5 


10.0 


10.5 


V 


WDI Transition Frequency 


WUS = Low (Guaranteed safe) 


2.0 






MHz 



READ MODE 

Tests performed with 1 00Q load resistors from RDX and RDY to VCC. Test conditions same as Write mode 
(unless otherwise specified). 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


Differential Voltage Gain 


Vin = 1 mVpp, / = 300 kHz 


120 


150 


180 


v/v 


Voltage Bandwidth (-3dB) 


Zs < 5Q, Vin = 1 mVpp 


50 


84 




MHz 


(-lab) 


7c ~* CO \/!r» i m\ lr\r\ 

Z.S < oii, vin = i mvpp 


on 






MnZ 


Input Noise Voltage 


Zs = 0Q , Vin = 0V, 

Power Bandwidth = 20 MHz 




0.58 


0.7 


nVVHz 


Differential Input Capacitance 


Vin = 0V, / = 5 MHz 




15 


26 


PF 


Differential Input Resistance 


Vin = 0V, / = 5 MHz 


400 




1500 




Dynamic Range 


Input voltage where AC 
gain falls to 90% of the gain 
with 0.5 mVpp input signal 


4 






mVpp 


Common Mode Rejection Ratio 


Vin = 100 mVpp, 0V DC 
/ = 5 MHz 


50 






dB 


Power Supply Rejection Ratio 


VCC or VDD = 100 mVpp 
/ = 5 MHz 


55 






dB 


Channel Separation 


Unselected channels are 
driven with Vin = 20 mVpp 
@5MHz 


50 






dB 


Output Offset Voltage 


Rh = 0, Lh = 


-360 




360 


mV 


Output Leakage Current 


Idle Mode 






20 


MA 


Output Common Mode Voltage 




VCC - 0.9 


VCC - 0.5 


VCC - 0.3 


V 


Output Voltage Compliance 


Adjust RDX, Y load voltage 
source for <5% THD of either 
output. 


VCC-1.5 




VCC 


V 
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SWITCHING CHARACTERISTICS 

Test conditions same as Write Mode plus RDX, Y connected to VCC through 1 00Q, resistors, WUS with 1 kQ 
to VCC. 



PARAMETER 




MIN 


NUM 


MAX 


1 IKIIT 

UNIT 


Idle to Read/Write Transition Time 


Delay to 1 or 90% of Read 
uuipui or write ourrem 






0.4 


ins 


Read/Write to Idle Transition Time 








0.4 


us 


Read to Write Transition Time 


VLCS = 0.8V, 
Delay to 90% of Iw 






0.4 


US 


Write to Read Transition Time 


VLCS = 0.8V, Delay to 90% of 

1H MW-7 RoaH Qinnal 10H m\/ 
IU IvinZ ricdu Olyilal, I uu niv 

envelope 






0.6 


us 


Head Select Switchina Delav 


Rpad or Writp Modp 






0.5 




Head Current Rise and Fall Times 
1 0% to 90% 


Iw = 25 mA, LH = nH 
Rh = 0Q 






4 


ns 


lw=15mA, LH = 1 uH 

Rh - ARO 




6 




ns 


Head Current Rise and Fall 
Difference 








0.5 


ns 


Head Current Switching Delay (TD3) 


50% WDI to 50% Iw 






30 


ns 


Head Current Switching Jitter 
(Asymmetry) 


WDI transitions 2 ns, 
switching time symmetry 0.2 ns 






0.3 


ns 


Unsafe to Safe Delay After 
Write Data Begins (WUS) (TD2) 


/(data) = 5 MHz 






0.20 


us 


Unsafe to Safe Delay After 
Write Mode Selected (WUS) 








0.5 +Tw* 


|IS 


Safe to Unsafe Delay (WUS) 
(TD1) 


After Write mode fault cond- 
ition occurs 






1.50 


|IS 


Safe to Unsafe Delay (WUS) 


After exiting Write mode 






0.5 


MS 



*Tw is the period of the write data input. 



"a 



J\Pd\PJ~\ 



HEAD 
CURRENT 
(Ix-ly) 



4 TD1 ► 



FIGURE T: Write Mode Timing Diagram 
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PACKAGE PIN DESIGNATIONS 

(Top View) 

THERMAL CHARACTERISTICS: Gja 



52-Lead QFP 



50°C/W 



H11X [ 1 
H11Y [ 2 
H12X [ 3 
H12Y [ 4 
H13X [ 5 
H13Y [ 6 
H14X [ 7 
H14Y [ 8 
H15X [ 9 
H15Y [ 10 
N/C [ 11 
N/C [ 12 
VDD2 [ 



52 51 50 49 48 47 46 45 44 43 42 41 40 



14 1 5 1 6 1 7 1 8 1 9 20 21 22 23 24 25 26 



] H4Y 
] H4X 
] H3Y 
] H3X 
] H2Y 
] H2X 
33 ] H1Y 
32 ] H1X 
31 ] HOY 
30 ] HOX 
29 ] GND 
28 ] C"§ 
27 ] R/W 



j- a w Q q o 



52-Lead Plastic QFP 



Advance Information: Indicates a product still in the design cycle, and any specifications are based on design goals only. Do not use 
for final design. 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other 
rights of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. 
Silicon Systems reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to 
verify that the data sheet is current before placing orders. 
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SSI 32R2020R/2021R 

5V, 2, 4, 6, 10-Channel 
Thin-Film Read/Write Device 



DESCRIPTION 

The SSI 32R2020R/2021 R are bipolar monolithic inte- 
grated circuits designed for use with two-terminal re- 
cording heads. They provide a low noise read ampli- 
fier, write current control, and data protection circuitry 
for up to ten channels. The SSI 32R2020R/2021 R 
provide internal 320Q damping resistors. Damping 
resistors are switched in during write mode and 
switched out during read mode. Power supply fault 
protection is provided by disabling the write current 
generator during power sequencing. System write to 
read recovery time is significantly improved by control- 
ling the read channel common mode output voltage 
shift in the write mode. The 32R2021 R option provides 
the user with a controllable write current adjustment 
feature. 

The SSI 32R2020R/2021 R require only +5V power 
supplies and are available in a variety of packages. 
They are hardware compatible with the 32R4610A/ 
461 1 A read/write devices. 



January 1993 

FEATURES 

• +5V ±10% supply 

• Low power 

- PD = 130 mW read mode (Norn) 

- PD = 3.3 mW idle (Norn) 

• High Performance: 

- Read mode gain = 300 V7V 

- Input noise = 0.56 nV/^Hz (Norn) 

- Input capacitance = 16 pF (Norn) 

- Write current range = 5-35 mA 

• Self switching damping resistance 

• Designed for two-terminal thin-film or MIG 
heads with inductance up to 5.0 |iH 

• Pin compatible with the 32R461 OAR/461 1 AR 

• Write unsafe detection 

• Power supply fault protection 

• Head short to ground protection 



BLOCK DIAGRAM 



PIN DIAGRAM 





20-PIN SOL 



CAUTION: Use handling procedures necessary 
for a static sensitive component. 
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CIRCUIT OPERATION 

The SSI 32R2020R/2021 R have the ability to address up to 1 two-terminal heads and provide write driveor read 
amplification. Mode control and head selection are described in Tables 1 and 2. The TTL inputs R/W and CS have 
internal pull-up resistors to prevent an accidental write condition. HSO, HS1 , HS2 and HS3 have internal pulldown 
resistors. Internal clamp circuitry will protect the IC from a head short to ground condition in any mode. 



TABLE 1: Mode Select 



TABLE 2: Head Select 



CS 






R/W 


Mode 








Write 





1 


Read 


1 





Idle 


1 


1 


Idle 



HS3 


HS2 


HS1 


HSO 


Head 


























1 


1 








1 





2 








1 


1 


3 





1 








4 





1 





1 


5 





1 


1 





6 





1 


1 


1 


7 


1 











8 


1 








1 


9 



PIN DESCRIPTION 



NAME 


TYPE 


DESCRIPTION 


HSO, HS1, t 
HS2, HS3 


I 


Head Select: selects one of ten heads 


CS 


I 


Chip Select: a high inhibits the chip 


R/W t 


I 


Read/Write : a high selects Read mode 


WUS t 





Write Unsafe: a high indicates an unsafe writing condition 


WDI t 


I 


Write Data In: changes the direction of the current in the recording head 


HOX - H9X; 
HOY - H9Y 


I/O 


X, Y Head Connections 


RDX, RDY t 





X, Y Read Data: differential read data output 


WC t 




Write Current: used to set the magnitude of the write current 


WCADJ* t 




Write Current Adjust: Used to fine tune the write current 


VCC1 


I 


+5V Supply 


VCC2 


I 


+5V Supply for Write current drivers 


GND 


I 


Ground 


* Available on 32R2021 R-4 24-pin option only 


t When more than one R/W device is used, signals can be wire OR'ed 
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WRITE MODE 

Taking both CS and R/W low selects Write mode which 
configures the SSI 32R2020R/2021 R as a current 
switch and activates the Write Unsafe (WUS) detector 
circuitry. Head current is toggled between the X and Y 
side of the selected head on each high to low transition 
of the Write Data Input (WDI). Changing from Read or 
Idle mode to Write mode initializes the Write Data Flip- 
Flop to pass write current into the "X" pin. In this case, 
the Y side of the head will be higher potential than the 
X side. The magnitude of the write current (0-pk) is 
given by: 

lw = 



K*Vwc 



Rwc 

Rwc is connected from pin WC to GND. Note the 
actual head current Ix, y is given by: 



Ix, y = 



Iw 



1 + Rh/Rd 



Where: 



Rh = Head resistance plus external wire 

resistance 

Rd = Damping resistance 

In write mode a 320Q damping resistor is switched in 
across the Hx, Hy ports. 

The 32R2021 R adds a feature which allows the user to 
adjust the Iw current by a finite amount. The WCADJ 
pin is used to adjust write current for write operations on 
different zones of the disk. It is used by switching a 
separate write current adjust resistor in and out on the 
WCADJ pin or by connecting a DAC to that pin to sink 
a controllable amount of current. The WCADJ pin is 
nominally biased to VCC/2. Sinking current from this 
pin to ground will divert a proportional amount of 
current from the actual head current while maintaining 
a constant current through the WC resistor and VCC. 
Allowing WCADJ to float or pulling it high will cut off the 
circuit and it will have no effect. A TTL gate can be used 
as a switch with a small degradation in accuracy. The 
amount of write current decrease is shown below: 

Iw head (decrease) (mA) = (29 • Vwcadj/Rwcadj) 

where: 

Vwcadj = VCC/2 (volts) 

Rwcadj = write current adjust setting resistor (kQ) 

Example: For a 7.25 mA head current decrease, 
Rwcadj = (27 • 2.5) / 7.25 = 10 kQ 



POWER SUPPLY FAULT PROTECTION 

A voltage fault detection circuit improves data security 
by disabling the write current generator during a volt- 
age fault or power startup regardless of mode. Note 
that WUS does not necessarily turn on to flag a power 
supply fault condition. 

HEAD SHORT TO GROUND PROTECTION 

The 2020R/2021R provides a head short to ground 
protection circuit in any mode. In Idle or Read Mode, 
current out of the head port will not exceed 20 mA if any 
head is shorted to ground. In Write mode, if any head 
is shorted to ground (regardless if it is selected or not) 
the write current generator will turn off, the WUS flag 
will go high, and current will be limited to less than 1 mA 
out of the head port. 

WRITE UNSAFE 

Any of the following conditions will be indicated as a 
high level on the Write Unsafe, WUS, open collector 
output. 

WDI frequency too low 
Device in Read mode 
• Chip disabled 
No head current 
Head opened 
Head short to ground 

To insure proper WUS operation, the product of write 
current, WDI frequency, and head inductance should 
be less than 500 mA-jiH-MHz. To insure no false WUS 
trigger, the product of head current and head resis- 
tance (lx,yRh) should be between 100 mV and 1.7V. 

WDI frequency too low is detected if the WDI fre- 
quency falls below 500 kHz (typ). Consult the WUS 
Safe to Unsafe timing for range of frequency detection. 

Device in _Read mode^and Chip disabled will flag 
WUS if R/W is high or CS is high. 

No head current will flag WUS if Rwc = <*> and the 
selected head is present. 

Head opened will flag WUS if Rh = <*> and under the 
condition that VCC/lw < 0.25 V/mA. 

Head short to ground is described in the preceding 
paragraph. 

Upon entering write mode, WUS is valid after two high 
to low transitions of WDI following the required Read- 
Write transition time (0.6 us max). 
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CIRCUIT OPERATION (continued) 
READ MODE 

The Read mode configures the SSI 32R2020R/2021 R 
as a low noise differential amplifier and deactivates the 
write current generator. The damping resistor is 
switched out of the circuit allowing a high impedance 
input to the read amplifier. The RDX and RDY output 
are driven by emitter followers. They should be AC 
coupled to the load. The (X,Y) inputs are non-inverting 
to the (X,Y) outputs. 

Note that in Idle or Write mode, the read amplifier is 
deactivated and RDX, RDY outputs become high im- 



pedance. This facilitates multiple R/W applications 
(wired-OR RDX, RDY) and minimizes voltage drifts 
when switching from Write to Read mode. Note also 
that the write current source is deactivated for both the 
Read and Idle mode. 

IDLE MODE 

Taking CS high selects the idle mode which switches 
the RDX and RDY outputs into a high impedance state 
and deactivates the device. Powerconsumptioninthis 
mode is held to a minimum. 



ELECTRICAL SPECIFICATIONS 



ABSOLUTE MAXIMUM RATINGS 

Operation above-maximum ratings may permanently damage the device. 



PARAMETER 


RATING 


DC Supply Voltage 


VCC1 


-0.3 to +6 VDC 




VCC2 


-0.3 to +6 VDC 


Write Current 


Iw 


60 mA 


Digital Input Voltage 


Vin 


-0.3 to VCC1 +0.3 VDC 


Head Port Voltage 


VH 


-0.3 to VCC2 +0.3 VDC 


Output Current: RDX, RDY 


10 


-6 mA 


WUS 


+8 mA 


Storage Temperature 


Tstg 


-65to+150°C 



RECOMMENDED OPERATING CONDITIONS 



DC Supply Voltage VCC1 = VCC2 


5 ±10% 


VDC 


Operating Junction Temperature Tj 


+25 to +135 


°C 


Recommended Head Load Range Lh 


0.3-5.0 





DC CHARACTERISTICS 

Recommended operating conditions apply unless otherwise specified. 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


VCC1 Supply Current 


Read Mode 




18 


25 


mA 


Write Mode 




22 


29 


mA 


Idle Mode 




0.6 


0.95 


mA 


VCC2 Supply Current 


Read Mode 




8 


11 


mA 


Write Mode 




4 + Iw 


7 + Iw 


mA 


Idle Mode 







0.2 


mA 
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PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


Power Dissipation 


Read Mode 




130 


200 


mW 


Write Mode 




130 + 4 Iw 


200 + 4.3 Iw 


mW 


Idle Mode 




3.3 


6.5 


mW 


VCC1 Fault Voltage 


Iw < 0.2 mA 


3.5 


3.9 


4.2 


VDC 


DIGITAL INPUTS 


Input Low voltage (Vil) 








0.8 


VDC 


Input High Voltage (Vil) 




2.0 






VDC 


Input Low Current 


Vil = 0.8V 


-0.4 






mA 


Input High Current 


Vih = 2.0V 






100 


HA 


WUS Output Low Voltage (Vol) 


lol = 2 mA max 






0.5 


VDC 


WRITE CHARACTERISTICS 

Recommended operating conditions apply unless otherwise specified. 


Write Current Constant "K" 






0.99 






Write Current Voltage (Vwc) 




1.15 


1.25 


1.35 


V 


WCADJ Voltage 
SSI32R2021R 


Iwcadj = to .5 mA 


2.0 


VCC/2 


3.0 


VDC 


lhead(Decrease)/lwcADJ 
SSI32R2021R 




23 


27 


31 


mA/mA 


Iwcadj Range 
SSI 32R2021R 




0.0 




0.5 


mA 


Differential Head Voltage Swing 




4.2 


5.6 




Vpp 


Open Head Iw = 20 mA 


3.4 


5.0 




Vpp 


Unselected Head Current 








1 


mA (pk) 


Head Differential Damping 
Resistance (Rd) 






320 




Q 


WDI Pulse Width 


Vil > 0.2V PWH 


10 






ns 


PWL 


5 






ns 


Write Current Range (Iw) 




5 




35 


mA 


Head Differential Load 
Capacitance 








25 


PF 
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READ CHARACTERISTICS 

Recommended operating conditions apply unless otherwise specified. CL (RDX, RDY) < 20 pF, 
RL (RDX, RDY) = 1 kii. 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


Differential Voltage Gain 


Vin = 1 mVpp @1 MHz 


250 


300 


350 


v/v 


Voltage BW -1dB 


|Zs| < 5£l, Vin = 1 mVpp 


20 






MHz 


-3dB 


|Zs| < 5Q, Vin = 1 mVpp 


45 






MHz 


Input Noise Voltage 


BW=15MHz, Lh = 0, Rh = 




0.56 


0.75 


nVA/Hz 


Differential Input Capacitance 


Vin = 1 mVpp, / = 5 MHz 




16 


22 


PF 


Differential Input Resistance 


Vin = 1 mVpp, / = 5 MHz 


720 


1200 




Q, 


Dynamic Range 


AC input voltage where gain 
falls to 90% of its small signal 
gain value, / = 5 MHz 








mVpp 


Common Mode Rejection Ratio 


Vin = 0VDC + 100 mVpp 
@5MHz 


55 






dB 


Power Supply Rejection Ratio 


100 mVpp @ 5 MHz on VCC 


50 






dB 


Channel Separation 


Unselected channels driven 
with Vin = VDC + 100 mVpp 


55 






dB 


Output Offset Voltage 








±300 


mV 


Single Ended Output Resistance 


/ = 5 MHz 






50 


a 


Output Current 


AC coupled load, RDX to RDY 


0.9 






mA 


RDX, RDY Common Mode 
Output Voltage 




0.4 VCC 


VCC/2 


0.6 VCC 


VDC 



SWITCHING CHARACTERISTICS 

Recommended operating conditions apply unless otherwise specified. IW = 20 mA, Lh = 1 .0 jnH, Rh = 30Q 
/(Data) = 5 MHz. 



R/W Read to Write 


R/W to 90% of write current 




0.1 


0.6 


MS 


Write to Read 


R/W to 90% of 

100 mV Read signal envelope 




0.1 


0.6 


MS 


CS Unselect to Select 


CS to 90% of write current or 
to 90% of 100 mVIOMHz 




0.2 


1 


US 


Select to Unselect 


CS to 10% of write current 




0.11 


0.6 


us 


HS0,1 to any Head 


To 90% of 100 mVIOMHz 
Read signal envelope 




0.11 


0.6 


us 


WUS: Safe to Unsafe (TD1) 


Write mode, loss of WDI 
transitions. Defines maximum 
WDI period for WUS operation 


0.6 


2.0 


3.6 


JUS 


Unsafe to Safe (TD2) 


Fault cleared, from first neg 
WDI transition 




0.1 


0.6 


MS 
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PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


Head Current: 












WDI to Ix - !y (TD3) 


from 50% points, Lh = 0, Rh = 




3 


10 


ns 


Asymmetry 


WDI has 1 ns rise/fall time, 
Lh = 0, Rh = 






1.0 


ns 


Rise/fall Time 


1 0% to 90% points, Lh = 0, Rh = 




4 


6 


ns 


Rise/fall Time 


Lh = 1 |LiH, Rh = 30Q 




15 




ns 



WDI 



WUS 



HEAD 
CURRENT 
(Ix-ly) 




FIGURE 1: Write Mode Timing Diagram 
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PACKAGE PIN DESIGNATIONS 

(Top View) 



GND [ 1 



N/C [ 2 

HOX [ 3 

HOY [ 4 

H1X [ 5 



H2Y [ 
H3X [ 
H3Y [ 
N/C [ 
VCC2 [ 



24 ] CS" 

23 ] R/W 

22 ] N/C 

21 ] WCADJ 

20 ] WC 

H1Y d 6 32R2021R 19 ] RDY 
4 

H2X [ 7 Channels 18 ] R0X 

8 17 ] HSO 

9 16 ] HS1 

10 15 ] VCC1 

11 14 ] WDI 

12 13 «] WUS 



24-Pin SOL, SOV 



VCC2[ 6 
N/C[ 7 
WUS [ 8 



GND[ 1 
H0X[ 2 

H0Y[ 3 14 

H1X[ 4 32R2020R 13 

S 2 

H1Y[ 5 Channels 12 



16 pC5 
15 



] R/W 
] WC 
] RDY 
] RDX 
11 ] HSO 
10 ] VCC1 
9 ] WDI 



16-Pin SOL 



HOX [ 




24 


] GND 


HOX [ 






36 


] GND 


HOY [ 


2 


23 


] 


HOY [ 


2 




35 


] HS3 


H1X £ 


3 


22 


"J R/W 


H1X [ 


3 




34 


] cs~ 


H1Y [ 


4 


21 


] WC 


H1Y [ 


4 




33 


] R/W 


H2X [ 


5 


20 


] RDY 


H2X £ 


5 




32 


] WC 


H2Y[ 


6 


32R2020R 19 
6 


] RDX 


H2Y [ 


6 




31 


] RDY 


H3X 




Channels tg 


]] HSO 


H3X [ 


7 




30 


] RDX 


H3Y £ 


8 


17 


] HS1 


H3Y [ 


8 




29 


] HSO 


H4X [ 






] HS2 






32R2020R 






9 


16 


H4X [] 


9 


10 


28 


] HS1 


H4Y £ 






3 vec 




Channels 




10 


15 


H4Y [ 


10 




27 


] HS2 


H5X £ 


11 


14 


] WDI 


H5X [ 


11 




26 


] VCC1 


H5Y[ 


12 


13 


WUS 


H5Y [ 


12 




25 


] WDI 




24-Pin SOV 




H6X [ 


13 




24 


] WUS 










H6Y [ 


14 




23 


] N/c 










H7X £ 


15 




22 


] VCC2 


GND [ 


1 


20 


] cs 


H7Y [ 


16 




21 


] N/C 


HOX [ 


2 


19 


] R/W 


H8X [ 


17 




20 


] H9Y 


HOY [ 


3 


18 


] WC 


H8Y £ 


18 




19 


] H9X 


H1 X [ 


4 


17 


] RDY 




36-Pin SOM 




H1Y [ 


5 


32R2020R 16 


] RDX 












H2X [ 


6 


4 

Channels 15 


] HSO 












H2Y [ 




14 


] HS1 












H3X [ 


8 


13 


] VCC1 












H3Y [ 


9 


12 


] WDI 












VCC2 [ 


10 


11 


] WUS 













20-Pin SOL, SOV 



No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders. 



Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680 (714) 573-6000, FAX (714) 573-6914 



Patent Pending 

©1990 Silicon Systems, Inc. 
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SSI 32R2024R 

5V, 4-Channel 

Thin-Film Read/Write Device 



A TDK Group /Company 



DESCRIPTION 

The SSI 32R2024R is a bipolar monolithic integrated 
circuit designed for use with two-terminal recording 
heads. It provides a low noise read amplifier, write 
current control, and data protection circuitry for up to 
four channels. The SSI 32R2024R provides internal 
400ft damping resistors that are switched in during 
write mode and switched out during read mode. Power 
supply fault protection is provided by disabling the write 
current generator during power sequencing. System 
write to read recovery time is signif icantly improved by 
controlling the read channel common mode output 
voltage shift in the write mode. 

The SSI 32R2024R requires only +5V power supplies 
and is available in a variety of packages. 



Advance Information 



January 1993 

FEATURES 

• +5V ±10% supply 

• Low power 

- PD = 160 mW read mode (Norn) 

- PD = 5 mW idle (Max) 

• High Performance: 

- Read mode gain = 200 V/V 

- Input noise = 0.56 nV/VHz (Norn) 

- Input capacitance = 16 pF (Norn) 

- Write current range = 5 - 40 mA 

• Self switching damping resistance 

• Designed for two-terminal thin-film or MIG 
heads with inductance up to 5.0 u.H 

• Write unsafe detection 

• Power supply fault protection 

• Head short to ground protection 



BLOCK DIAGRAM 



PIN DIAGRAM 



wus 
— □ — 



vcc 



WRITE 






UNSAFE 




REFERENCE 


DETECTOR 




VOLTAGE 




GND | 


1 




20 


| 


H0X | 


2 




19 


I R/W 


HOY | 


3 




18 


I WC 


MX | 


4 




17 


I RDY 


MY | 


5 


32R2024R 


16 


| RDX 






4 






H2X | 


6 


Channels 


15 


I HS0 


H2Y | 






14 


| HS1 


H3X | 


8 




13 


I VCC 


H3Y | 


9 




12 


I WDI 


VCC | 


10 




11 


| WUS 



20-PIN SOL 



CAUTION: Use handling procedures necessary 
for a static sensitive component. 
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SSI 32R2024R 
5V, 4-Channel 

Thin-Film Read/Write Device 



CIRCUIT OPERATION 



The SSI 32R2024R has the ability to address up to 4 two-terminal heads and provide write drive or read 
amplification. Mode control and head selection are described in Tables 1 and 2. The TTL inputs R/W and CS have 
internal pull-up resistors to prevent an accidental write condition. HSO and HS1 have internal pulldown resistors. 
Internal clamp circuitry will protect the IC from a head short to ground condition in any mode. 



TABLE 1 : Mode Select 



CS 


R/W 


Mode 








Write 





1 


Read 


1 





Idle 


1 


1 


idle 



TABLE 2: Head Select 



HS1 


HSO 


Head 














1 


1 


1 





2 


1 


1 


3 



PIN DESCRIPTION 



NAME 


TYPE 


DESCRIPTION 


HS0.HS1 t 


I 


Head Select: selects one of four heads 


CS 


I 


Chip Select: a high inhibits the chip 


R/W t 


I 


Read/Write : a high selects Read mode 


WUS t 





Write Unsafe: a high indicates an unsafe writing condition 


WDI t 


I 


Write Data In: changes the direction of the current in the recording head 


HOX - H3X; 
HOY - H3Y 


I/O 


X, Y Head Connections 


RDX, RDY t 





X, Y Read Data: differential read data output 


WC t 




Write Current: used to set the magnitude of the write current 


VCC 


I 


+5V Supply 


GND 


I 


Ground 


t When more than one R/W device is used, signals can be wire OR'ed 
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SSI 32R2024R 
5V, 4-Channel 
Thin-Film Read/Write Device 



WRITE MODE 

Taking both CS and R/W low selects Write mode which 
configures the SSI 32R2024R as a current switch and 
activates the Write Unsafe (WUS) detector circuitry. 
Head current is toggled between the X and Y side of the 
selected head on each high to low transition of the 
Write Data Input (WDI). Changing from Read or Idle 
mode to Write mode initializes the Write Data Flip-Flop 
to pass write current into the "X" pin. In this case, the Y 
side of the head will be higher potential than the X side. 
The magnitude of the write current (0-pk) is given by: 

Ai • Vwc Kw 

w = — = 

RWC RWC 

Rwc is connected from pin WC to GND. Note the 
actual head current Ix, y is given by: 



1+Rh/Rd 

Where: 

Rh = Head resistance plus external wire 

resistance 

Rd = Damping resistance 

In write mode a 400Q damping resistor is across the 
Hx, Hy ports. 

POWER SUPPLY FAULT PROTECTION 

A voltage fault detection circuit improves data security 
by disabling the write current generator during a volt- 
age fault or power startup regardless of mode. Note 
that WUS does not necessarily turn on to flag a power 
supply fault condition. 

HEAD SHORT TO GROUND PROTECTION 

The SSI 32R2024R provides a head short to ground 
protection circuit in any mode. In Idle or Read Mode, 
current out of the head port will not exceed 20 mA if any 
head is shorted to ground. In Write mode, if any head 
is shorted to ground (regardless if it is selected or not) 
the write current generator will turn off, the WUS flag 
will go high, and current will be limited to less than 1 mA 
out of the head port. 

WRITE UNSAFE 

Any of the following conditions will be indicated as a 
high level on the Write Unsafe, WUS, open collector 
output. 

WDI frequency too low 
Device in Read mode 



• Chip disabled 
No head current 

• Head opened 
Head short to ground 

To insure proper WUS operation, the product of write 
current, WDI frequency, and head inductance should 
be less than 500 mA-u.H-MHz. To insure no false WUS 
trigger, the product of head current and head resis- 
tance (Ix.yRh) should be between 100 mV and 1.7V. 

WDI frequency too low is detected if the WDI fre- 
quency falls below 500 kHz (typ). Consult the WUS 
Safe to Unsafe timing for range of frequency detection. 

Device inRead mode and Chip disabled will flag 
WUS if R/W is high or CS is high. 

No head current will flag WUS if Rwc = °° and the 
selected head is present. 

Head opened will flag WUS if Rh = <*, and under the 
condition that Iw • Rd > 3.9V. 

Head short to ground is described in the preceding 
paragraph. 

Upon entering write mode, WUS is valid after two high 
to low transitions of WDI following the required Read- 
Write transition time (0.6 us max). 

READ MODE 

The Read mode configures the SSI 32R2024R as a low 
noise differential amplifier and deactivates the write 
current generator. The damping resistor is switched 
out of the circuit allowing a high impedance input to the 
read amplifier. The RDX and RDY output are driven by 
emitter followers. They should be AC coupled to the 
load. The (X,Y) inputs are non-inverting to the (X,Y) 
outputs. 

Note that in Idle or Write mode, the read amplifier is 
deactivated and RDX, RDY outputs become high im- 
pedance. This facilitates multiple R/W applications 
(wired-OR RDX, RDY) and minimizes voltage drifts 
when switching from Write to Read mode. Note also 
that the write current source is deactivated for both the 
Read and Idle mode. 

IDLE MODE 

Taking CS high selects the idle mode which switches 
the RDX and RDY outputs into a high impedance state 
and deactivates the device . Power consu mption in this 
mode is held to a minimum. 
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ELECTRICAL SPECIFICATIONS 
ABSOLUTE MAXIMUM RATINGS 

Operation above maximum ratings may permanently damage the device. 



PARAMETER 


RATING 


DC Supply Voltage 


VCC 




-0.3 to +6 VDC 


Write Current 


Iw 




60 mA 


Digital Input Voltage 


Vin 




-0.3 to VCC +0.3 VDC 


Head Port Voltage 


VH 




-0.3 to VCC +0.3 VDC 


Output Current: RDX, RDY 


10 




-6 mA 


WUS 


+8 mA 


Storage Temperature 


Tstg 




-65 to +150°C 


RECOMMENDED OPERATING CONDITIONS 


DC Supply Voltage 


5 ±10% VDC 


Operating Junction Temperature 


Tj 


+25 to +135 °C 


Recommended Head Load Range 


Lh 


0.3 - 5.0 jiH 


Operating Ambient Temperature 


Ta 


to 70°C 



DC CHARACTERISTICS 

Recommended operating conditions apply unless otherwise specified. 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


VCC 


Read Mode 




32 


41 


mA 


Write Mode 




25 + lw 


37+lw 


mA 


Idle Mode 




fc6 


0.9 


mA 


Power Dissipation 


Read Mode 




160 


225 


mW 


Write Mode (Iw =^20 mA) 




225 


315 


mW 


Idle Mode 




3 


5 


mW 


VCC Fault Voltage 


Iw < 0.2 mA 


3.5 


3.9 


4.2 


VDC 
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1 



DIGITAL INPUTS 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


Input Low voltage (Vil) 








0.8 


VDC 


Input High Voltage (Vih) 




2.0 






VDC 


Input Low Current 


Vil = 0.8V 


-0.4 






mA 


Input High Current 


Vih = 2.0V 






100 


uA 


WUS Output Low Voltage (Vol) 


lol = 2 mA max 






0.5 


VDC 


WRITE CHARACTERISTICS 

Recommended operating conditions apply unless otherwise specified. 


Iwc to Head Current Gain (Ai) 


Iw = Ai • VWC/RWC 




20 




mA/mA 


Write Current Constant (Kw) 


Kw = Ai • VWC 


47 


51 


55 


V 


Write Current Voltage (Vwc) 






2.55 




V 


Differential Head Voltage Swing 


Open Head 
Iw = 20 mA 


4.2 


5.6 




Vpp 


Unselected Head Current 








1 


mA (pk) 


Head Differential Load 
Capacitance 








25 


PF 


Head Differential Damping 
Resistance (Rd) 






400 




Q 


WDI Pulse Width 


Vil > 0.2V PWH 


10 






ns 


PWL 


5 






ns 


Write Current Range (Iw) 




5 




40 


mA 


RDX, RDY Common 
Mode Output Voltage 






VCC/2 




V 


READ CHARACTERISTICS 

Recommended operating conditions apply unless otherwise specified. CL (RDX, RDY) < 20 pF, 
RL (RDX, RDY) = 1 k£l 


Differential Voltage Gain 


Vin = 1 mVpp @1 MHz 


166 


200 


234 


V/V 


Voltage BW -1 dB 


|Zs| < 5Q, Vin = 1 mVpp 


20 






MHz 


-3 dB 


|Zs| < 5Q, Vin = 1 mVpp 


45 






MHz 


Input Noise Voltage 


BW = 15MHz, Lh = 0, Rh = 




0.56 


0.75 


nV/VHz 


Differential Input Capacitance 


Vin = 1 mVpp, / = 5 MHz 




16 


22 


PF 


Differential Input Resistance 


Vin = 1 mVpp, / = 5 MHz 


720 


1200 




a 


Dynamic Range 


AC input voltage where gain 
falls to 90% of its small signal 
gain value, / = 5 MHz 


2 






mVpp 
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READ CHARACTERISTICS (continued) 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


Common Mode Rejection Ratio 


Vin = 0VDC + 100 mVpp 
@5MHz 


55 






dB 


Power Supply Rejection Ratio 


100 mVpp @ 5 MHz on VCC 


50 






dB 


Channel Separation 


Unselected channels driven 
with Vin = VDC + 100 mVpp 


55 






dB 


Output Offset Voltage 








±5*oo 


mV 


Single Ended Output Resistance 


/ = 5 MHz 






50 


Q 


Output Current 


AC coupled load, RDX to RDY 


0.9 






mA 


RDX, RDY Common Mode 
Output Voltage 




0.4 VCC 


VCC/2 


0.6 VCC 


VDC 



SWITCHING CHARACTERISTICS 

Recommended operating conditions apply unless otherwise specified. I W = 20 mA, Lh = 1 .0 |uH, Rh = 30£2 
/(Data) = 5 MHz. 



R/W Read to Write 


R/W to 90% of write current 




0.1 


0.6 


jus 


Write to Read 


R/W to 90% of 

100 mV Read Signal envelope 




0.1 


0.6 


MS 


CS Unselect to Select 


CS to 90% of write current or 
to 90% of 100 mVIOMHz 




0.2 


0.6 


MS 


Select to Unselect 


CS to 1 0% of write current 




0.11 


0.6 


MS 


HS0,1 to any Head 


To 90% of 100 mVIOMHz 
Read signal envelope 




0.11 


0.6 


MS 


WUS: Safe to Unsafe (TD1) 


Write mode, loss of WDI 
transitions. Defines maximum 
WDI period for WUS operation 


0.6 


2.0 


3.6 


MS 


Unsafe to Safe (TD2) 


Fault cleared, from first neg 
WDI transition 




0.1 


0.6 


JUS 


Head Current: 

WDI to Ix - ly (TD3) 


from 50% points, Lh = 0, Rh = 




3 


10 


ns 


Asymmetry 


WDI has 1 ns rise/fall time, 
Lh = 0, Rh = 






1.0 


ns 


Rise/fall Time 


1 0% to 90% points, Lh = 0, Rh = 




4 


6 


ns 


Rise/fall Time 


Lh = 1 jliH, Rh = 30H 




7 




ns 
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PACKAGE PIN DESIGNATIONS 

(Top View) 



GND 
HOX 
HOY 
H1X [ 
H1Y [ 
H2X [ 
H2Y [ 
H3X [ 
H3Y [ 

vcc r 



1 




20 


2 




19 


3 




18 


4 




17 


5 


32R2024R 


16 




4 




6 


Channels 


15 


7 




14 


8 




13 


9 




12 


10 




11 



! cs 



] R/W 
] WC 
RDY 
RDX 
HSO 
HS1 
VCC 
WDI 
WUS 



20-Lead SOL, SOV 



Advance Information: Indicates a product still in the design cycle, and any specifications are based on design goals only. Do not use for final 
design. 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data sheet 
is current before placing orders. 
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DESCRIPTION 

The SSI 32R2028R is a bipolar monolithic integrated 
circuits designed for use with two-terminal recording 
heads. It provides a low noise read amplifier, write 
current control, and data protection circuitry for up to 
ten channels. The device provides internal 320£2 
damping resistors that are switched in during Write 
mode and switched out during Read mode. Power 
supply fault protection is provided by disabling the write 
current generator during power sequencing. System 
write to read recovery time is significantly improved by 
controlling the read channel common mode output 
voltage shift in the write mode. The device also pro- 
vides the user with a controllable write current adjust- 
ment feature. The SSI 32R2028R requires only a +5V 
power supply. 



SSI 32R2028R 

5V, 10-Channel 

Thin-Film Read/Write Device 



Advance Information 



January 1993 

FEATURES 

• +5V ±10% supply 

• Low power 

- PD = 130 mW read mode (Norn) 

- PD = 5 mW idle (Max) 

• High Performance: 

- Read mode gain = 300 V/V 

- input noise = 0.56 nV/VHz (Norn) 

- Input capacitance = 16 pF (Norn) 

- Write current range = 5-35 mA 

• Self switching damping resistance 

• Designed for two-terminal thin-film or MIG 
heads with inductance up to 5.0 jiH 

• Differential ECL-like Write Data Input 

• Write unsafe detection 

• Power supply fault protection 

• Head short to ground protection 
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CAUTION: Use handling procedures necessary 
for a static sensitive component. 
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CIRCUIT OPERATION 



The SSI 32R2028R has the ability to address up to 10 two-terminal heads and provide write drive or read 
amplification. Mode control and head selection are described in Tables 1 and 2. The TTL inputs R/W and CS have 
internal pull-up resistors to prevent an accidental write condition. HSO, HS1 , HS2 and HS3 have internal pulldown 
resistors. Internal clamp circuitry will protect the IC from a head short to ground condition in any mode. 



TABLE 1 : Mode Select 



TABLE 2: Head Select 



CS 


R/W 


Mode 








Write 





1 


Read 


1 





Idle 


1 


1 


Idle 



HS3 


HS2 


HS1 


HSO 


Head 


























1 


1 








1 





2 








1 


1 


3 





1 








4 





1 





1 


5 





1 


1 





6 





1 


1 


1 


7 


1 











8 


1 








1 


9 



PIN DESCRIPTION 



NAME 


TYPE 


DESCRIPTION 


HS0,HS1, t 
HS2, HS3 


I 


Head Select: selects one of ten heads 


CS 


I 


Chip Select: a high inhibits the chip 


R/W t 


I 


Read/Write : a high selects Read mode 


WUS t 





Write Unsafe: a high indicates an unsafe writing condition 


WD, WD t 


I 


Differential Write Data Input: a negative transition of (WD - WD) toggles the 
direction of the head current 


HOX - H9X; 
HOY - H9Y 


I/O 


X, Y Head Connections 


RDX.RDY t 





X, Y Read Data: differential read data output 


WC t 




Write Current: used to set the magnitude of the write current 


WCADJ t 




Write Current Adjust: Used to fine tune the write current 


VCC1 


I 


+5V Supply 


VCC2 


I 


+5V Supply for Write current drivers 


GND 


I 


Ground 


t When more than one R/W device is used, signals can be wire OR'ed 
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WRITE MODE 

Taking both CS and R/W low selects Write mode which 
configures the SSI 32R2028R as a current switch and 
activates the Write Unsafe (WUS) detector circuitry. 
Head current is toggled between the X and Y side of the 
selected head on each _high to low transition of the 
differential signal WD - WD. Changing from Read or 
Idle mode to Write mode initializes the Write Data Flip- 
Flop to pass write current into the "X" pin. In this case, 
the Y side of the head will be higher potential than the 
X side. The magnitude of the write current (0-pk) is 
given by: 



lw = 



K'Vwc 

Rwc 



Rwc is connected from pin WC to GND. Note the 
actual head current Ix, y is given by: 



Ix, y = 



Iw 



1 + Rh/Rd 



Where: 



Rh = Head resistance plus external wire 

resistance 

Rd = Damping resistance 

In write mode a 320Q damping resistor is switched in 
across the Hx, Hy ports. 

The SSI 32R2028R includes a feature which allows the 
user to adjust the Iw current by a finite amount. The 
WCADJ pin is used to adjust write current for write 
operations on different zones of the disk. It is used by 
switching a separate write current adjust resistor in and 
out on the WCADJ pin or by connecting a DAC to that 
pin to sink a controllable amount of current. The 
WCADJ pin is nominally biased to VCC/2. Sinking 
current from this pin to ground will divert a proportional 
amount of current from the actual head current while 
maintaining a constant current through the WC resistor 
and VCC. Allowing WCADJ to float or pulling it high will 
cut off the circuit and it will have no effect. A TTL gate 
can be used as a switch with a small degradation in 
accuracy. The amount of write current decrease is 
shown below: 

Iw head (decrease) (mA) = (29 • Vwcadj/Rwcadj) 
where: 

Vwcadj = VCC/2 (volts) 

Rwcadj = write current adjust setting resistor (kQ.) 

Example: For a 7.25 mA head current decrease, 
Rwcadj = (27 • 2.5) / 7.25 = 10 kQ 



POWER SUPPLY FAULT PROTECTION 

A voltage fault detection circuit improves data security 
by disabling the write current generator during a volt- 
age fault or power startup regardless of mode. Note 
that WUS does not necessarily turn on to flag a power 
supply fault condition. 

HEAD SHORT TO GROUND PROTECTION 

The SSI 32R2028R provides a head short to ground 
protection circuit in any mode. In Idle or Read Mode, 
current out of the head port will not exceed 20 mA if any 
head is shorted to ground. In Write mode, if any head 
is shorted to ground (regardless if it is selected or not) 
the write current generator will turn off, the WUS flag 
will go high, and current will be limited to less than 1 mA 
out of the head port. 

WRITE UNSAFE 

Any of the following conditions will be indicated as a 
high level on the Write Unsafe, WUS, open collector 
output. 

WD frequency too low 
Device in Read mode 
Chip disabled 
No head current 
• Head opened 

Head short to ground 

To insure proper WUS operation, the product of write 
current, WD frequency, and head inductance should 
be less than 500 mA-uH-MHz. To insure no false WUS 
trigger, the product of head current and head resis- 
tance (Ix.yRh) should be between 100 mV and 1.7V. 

WDI frequency too low is detected if the WD fre- 
quency falls below 500 kHz (typ). Consult the WUS 
Safe to Unsafe timing for range of frequency detection. 

Device in _Read mode and Chip disabled will flag 
WUS if R/W is high or CS is high. 

No head current will flag WUS if Rwc = °° and the 
selected head is present. 

Head opened will flag WUS if Rh = °o and under the 
condition that VCC/lw < 0.25 V/mA. 

Head short to ground is described in the preceding 
paragraph. 

Upon entering write mode, WUS is valid after two 
transitions of WD following the required Read-Write 
transition time (0.6 us max). 
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CIRCUIT OPERATION (continued) 
READ MODE 

The Read mode configures the SSI 32R2028R as a low 
noise differential amplifier and deactivates the write 
current generator. The damping resistor is switched 
out of the circuit allowing a high impedance input to the 
read amplifier. The RDX and RDY output are driven by 
emitter followers. They should be AC coupled to the 
load. The (X,Y) inputs are non-inverting to the (X,Y) 
outputs. 

Note that in Idle or Write mode, the read amplifier is 
deactivated and RDX, RDY outputs become high im- 

ELECTRICAL SPECIFICATIONS 
ABSOLUTE MAXIMUM RATINGS 



Operation above maximum ratings may permanently damage the device. 



PARAMETER 


RATING 


DC Supply Voltage 


VCC1 


-0.3 to +6 VDC 




VCC2 


-0.3 to +6 VDC 


Write Current 


Iw 


60 mA 


Digital Input Voltage 


Vin 


-0.3 to VCC1 +0.3 VDC 


Head Port Voltage 


VH 


-0.3 to VCC2 +0.3 VDC 


Output Current: RDX, RDY 


10 


-6 mA 


WUS 


+8 mA 


Storage Temperature 


Tstg 


-65 to +150 °C 



RECOMMENDED OPERATING CONDITIONS 



DC Supply Voltage VCC1 = VCC2 


5 ±10% 


VDC 


Operating Junction Temperature Tj 


+25 to +135 


°C 


Recommended Head Load Range Lh 


0.3-5.0 





DC CHARACTERISTICS 

Recommended operating conditions apply unless otherwise specified. 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


VCC1 Supply Current 


Read Mode 




18 


25 


mA 




Write Mode 




22 


29 


mA 




Idle Mode 




0.6 


0.9 


mA 


VCC2 Supply Current 


Read Mode 




8 


11 


mA 




Write Mode 




4 + Iw 


7 + Iw 


mA 




Idle Mode 







0.2 


mA 



1-132 



pedance. This facilitates multiple R/W applications 
(wired-OR RDX, RDY) and minimizes voltage drifts 
when switching from Write to Read mode. Note also 
that the write current source is deactivated for both the 
Read and Idle mode. 

IDLE MODE 

Taking CS high selects the idle mode which switches 
the RDX and RDY outputs into a high impedance state 
and deactivates the device. Power consumption in this 
mode is held to a minimum. 
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DC CHARACTERISTICS (continued) 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


Power Dissipation 


Read Mode 




130 


200 


mW 


Write Mode 




130 + 4 Iw 


200 + 4.3 Iw 


mW 


Idle Mode 




3 


5 


mW 


VCC1 Fault Voltage 


Iw < 0.2 mA 


3.5 


3.9 


4.2 


VDC 


DIGITAL INPUTS 


Input Low voltage (Vil) 
HSX, CS, R/W 








0.8 


VDC 


Input High Voltage (Vil) 
HSX, CS, R/W 




2.0 






VDC 


Input Low Current, HSX, CS, R/W 


Vil = 0.8V 


-0.4 






mA 


Input High Current, HSX, CS, R/W 


Vih = 2.0V 






100 


HA 


WD, WD Input Low Current 


Vil = VCC - 1.75V 




70 


100 


HA 


WD, WD Input High Current 


Vih = VCC - 0.75V 




85 


125 


ma 


WD, WD Input Low Voltage Vil 




Vih - 
1.5 




Vih- 
0.5 


VDC 


WD, WD Input High Voltage Vih 




Vcc- 
1.50 




Vcc- 
0.5 


VDC 


Vih - Vil Input Voltage Difference 




0.5 


1.0 


1.5 


V 


WUS Output Low Voltage (Vol) 


lol = 2 mA max 






0.5 


VDC 


WRITE CHARACTERISTICS 

Recommended operating conditions apply unless otherwise specified. 


Write Current Constant "K" 






0.99 






Write Current Voltage (Vwc) 




1.15 


1.25 


1.35 


V 


WCADJ Voltage 


Iwcadj = to .5 mA 


2.0 


VCC/2 


3.0 


VDC 


I head( Decrease)/ 1 wcadj 




23 


27 


31 


mA/mA 


Iwcadj Range 




0.0 




0.5 


mA 


Differential Head Voltage Swing 




4.2 


5.6 




Vpp 


Open Head, Iw = 20 mA 


3.4 


5.0 






Unseiected Head Current 








1 


mA (pk) 


Head Differential Damping 
Resistance (Rd) 






320 






WD Pulse Width 


Vil > 0.2V PWH 


10 






ns 


PWL 


5 






ns 


Write Current Range (Iw) 




5 




35 


mA 


Head Differential Load 
Capacitance 








25 


pF 
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READ CHARACTERISTICS 

Recommended operating conditions apply unless otherwise specified. CL (RDX, RDY) < 20 pF, 
RL (RDX, RDY) = 1 kQ. 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


Differential Voltage Gain 


Vin = 1 mVpp @1 MHz 


250 


300 


350 


v/v 


Voltage BW -1dB 


|Zs| < 5C1, Vin = 1 mVpp 


20 






MHz 


-3dB 


|Zs| <5Q, Vin = 1 mVpp 


40 


45 




MHz 


Inniit Mrtico \/Altano 
iiipui inuioc vuiidyc; 


RW-1 C 5MH7 lh-0 Rh - 
dvv — i j ivinz., ■ ■ i — u, nil — u 




n ^fi 


n 7R 


1 1 V / V \\C 


niffprpntial Innut rianapitanrp 

LJU 1 CI CI IUCII II l|JUl VyCl^JClV/llCll 


Vin - 1 mVno f - 5 MHz 

V II 1 ~ 1 1 II V pU, J — \J IVII 1 C- 




16 


22 


dF 


niffprpntial Innut Rp^tatancp 


Vin = 1 mVDD f = 5 MHz 

VIII—" I IIIV UU, J — \J IVII 1 


720 


1200 






Dvnamic Ranop 


AC inout voltaop whprp nain 

i\ \*f II 1 Iw/Li I V v'ICIm v VV 1 IWI v/ \J C4 1 1 1 

falls to 90% of its small signal 
gain value, / = 5 MHz 


2 






mVpp 


Common Mode Rejection Ratio 


Vin = 0VDC + 100 mVpp 
@ 5 MHz 


55 






dB 


Power Supply Rejection Ratio 


100 mVpp @ 5 MHz on VCC 


50 






dB 


Channel Separation 


Unselected channels driven 
with Vin = VDC + 100 mVpp 


55 






dB 


Output Offset Voltage 








±300 


mV 


Single Ended Output Resistance 


/ = 5 MHz 






50 


Q 


Output Current 


AC coupled load, RDX to RDY 


0.9 






mA 


RDX, RDY Common Mode 
Output Voltage 




0.4 VCC 


VCC/2 


0.6 VCC 


VDC 



SWITCHING CHARACTERISTICS 

Recommended operating conditions apply unless otherwise specified. IW = 20 mA, Lh = 1 .0 uH Rh = 30Q 
/(Data) = 5 MHz. 



R/W Read to Write 


R/W to 90% of write current 




0.1 


0.6 


|IS 


Write to Read 


R/W to 90% of 

100 mV Read signal envelope 




0.1 


0.6 


JUS 


CS Unselect to Select 


CS to 90% of write current or 
to 90% of 100 mVIOMHz 




0.2 


1 


us 


Select to Unselect 


CS to 10% of write current 




0.11 


0.6 


us 


HS0,1 to any Head 


To 90% of 100 mVIOMHz 
Read signal envelope 




0.11 


0.6 


|iS 


WUS: Safe to Unsafe (TD1) 


Write mode, loss of WDI 
transitions. Defines maximum 
WDI period for WUS operation 


0.6 


2.0 


3.6 


|LIS 


Unsafe to Safe (TD2) 


Fault cleared, from first neg 
WDI transition 




0.1 


0.6 


JIS 
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PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


Head Current: 












WD to Ix - ly (TD3) 


from 50% points, Lh = 0, Rh = 




8 


12 


ns 


Asymmetry 


WDI has 1 ns rise/fall time, 
Lh = 0, Rh = 






1.0 


ns 


Rise/fall Time 


1 0% to 90% points, Lh = 0, Rh = 




4 


6 


ns 


Rise/fall Time 


Lh = 1 uJH, Rh = 30Q. 




15 




ns 



WD- WD 



WUS 



HEAD 
CURRENT 
(Ix - ly) 



PWL 



j^PWH 



/ — ' 






4 ™ ^ 







I*- 



TD3 



-//- 



FIGURE 1 : Write Mode Timing Diagram 
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PACKAGE PIN DESIGNATIONS 

(Top View) 



Advance Information: Indicates a product still in the design cycle, and any specifications are based on design goals only. Do not use for 
final design. 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders. 



Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680 (714) 573-6000, FAX (714) 573-6914 
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Patent Pending 

©1990 Silicon Systems, Inc. 
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DESCRIPTION 



SSI 32R2030 A/2031 A 
5V, 2, 4-Channel Thin-Film 
Read/Write Device 



Advance Information 




February 1992 



FEATURES 



The SSI 32R2030A/2031 A are bipolar monolithic inte- 
grated circuits designed for use with two-terminal thin- 
film recording heads. They provide a low noise read 
amplifier, write current control, and data protection 
circuitry for up to four channels. The SSI 32R2030AR/ 
2031 AR option provides internal 700Q damping resis- 
tors. Power supply fault protection is provided by 
disabling the write current generator during power 
sequencing. System write to read recovery time is 
significantly improved by controlling the read channel 
common mode output voltage shift in the write mode. 
The 32R2031 A option provides for an additional fea- 
ture providing the user with a controllable write current 
adjustment feature. 

The SSI 32R2030A/2031A require only +5V power 
supplies and are available in a variety of packages. 



5V±10% 
Low power 

- PD = 175 mW read mode (Norn) 
High Performance: 

- Read mode gain = 250 V7V 

- Input noise = 0.85 nV/VHz max 

- Input capacitance = 35 pF max 

- Write current range = 10-35 mA 

Designed for two-terminal thin-film heads or 
MIG heads up to 5 \iH 
Programmable write current source 
Write unsafe detection 

Enhanced system write to read recovery time 
Power supply fault protection 
Head short to ground protection 



BLOCK DIAGRAM 



PIN DIAGRAM 




GND [ 
HOX [ 
HOY [ 
H1X [ 
H1Y [ 
H2X [ 
H2Y [ 
H3X [ 
H3Y [ 
VCC2 [ 



1 
2 
3 
4 

5 32R2030A 

4 

6 Channels 



] R/W 
] WC 
] RDY 
] RDX 
] HSO 
] HS1 
] VCC1 
] WDI 
] WUS 



20-PIN SOL 



0292 - rev. 



wc 



WCADJ 

WCADJ available on the 32R2031A 24-pin option only 



CAUTION: Use handling procedures necessary 
for a static sensitive component. 



SSI 32R2030A/2031A 

5V, 2, 4-Channel Thin-Film 

Read/Write Device 



CIRCUIT OPERATION 

The SSI 32R2030A/2031 A has the ability to address up to 4 two-terminal thin-film heads and provide writedrive 
or read amplification. Head selection and mode control are described in Tables 2 and 3. The TTL inputs R/W and 
CS have internal pull-up resistors to prevent an accidental write condition. HSO, and HS1 have internal pulldowns. 
Internal clamp circuitry will protect the IC from a head short to ground condition in any mode. 



TABLE 1 : Mode Select 



TABLE 2: Head Select 



CS 


R/W 


Mode 




HS1 


HSO 


Head 








Write 
















1 


Read 







1 


1 


1 





Idle 




1 





2 


1 


1 


Idle 




1 


1 


3 



PIN DESCRIPTION 



NAME 


TYPE 


DESCRIPTION 


HSO, HS1 


I 


Head Select: selects one of four heads 


CS 


I 


Chip Select: a high inhibits the chip 


R/W 


t 


I 


Read/Write : a high selects Read mode 


WUS 


t 





Write Unsafe: a high indicates an unsafe writing condition 


WDI 


t 


I 


Write Data In: changes the direction of the current in the recording head 


HOX - H7X; 
HOY - H7Y 


I/O 


X, Y Head Connections 


RDX, RDY 


t 





X, Y Read Data: differential read data output 


WC 


t 




Write Current: used to set the magnitude of the write current 


WCADJ* 


t 




Write Current Adjust: Used to decrease the write current by a finite amount 


VCC1 


I 


+5V Supply 


VCC2 


I 


+5V Supply for Write current drivers 


GND 


I 


Ground 


'Available on 32R2031A 24-pin option only 
t These signals can be wire OR'ed 
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WRITE MODE 

Taking both CS and R/W low selects write mode which 
configures the SSI 32R2030A/2031A as a current 
switch and activates the Write Unsafe (WUS) detector 
circuitry. Head current is toggled between the X and Y 
side of the selected head on each high to low transition 
of the Write Data Input (WDI). The WDI input pulse 
width requirement is amplitude dependent and pull ups 
are recommended at higher data rates, please refer to 
the WDI pulse width specifications. Note that a preced- 
ing read or idle mode select initializes the Write Data 
Flip-Flop to pass write current through the "X" side of 
the head. The magnitude of the write current (0-pk) is 
given by: k-VWC 
RWC 

RWC is connected from pin WC to GND. Note the 
actual head current Ix, y is given by: 



" 1 + Rh/Rd 

Where: 

Rh * Head resistance plus external wire 

resistance 

Rd = Damping resistance 

Any of the following conditions will be indicated as a 
high level on the Write Unsafe, WUS, open collector 
output. 

WDI frequency too low 

Device in Read mode 

• Chip disabled 

No write current 

After fault condition is removed, one negative transition 
on WDI is required to clear WUS. 

The 32R2031 A adds a feature which allows the user to 
adjust the Iw current by a finite amount. The WCADJ 
pin is used to adjust write current for write operations on 
different zones of the disk. It is used by switching a 
separate write current adjust resistor in and out on the 
WCADJ pin or by connecting a DAC to that pin to sink 
a controllable amount of current. The WCADJ pin is 
nominally biased to VCC/2. Sinking current from this 



pin to ground will divert a proportional amount of 
current from the actual head current while maintaining 
a constant current through the WC resistor and VCC. 
Allowing WCADJ to float or pulling it high will cut off the 
circuit and it will have no effect. For example, if the 
nominal head current is set to 30 mA through WC with 
WCADJ open, then for a 7.25 mA head current de- 
crease, a 1 k£2 resistor would be connected from the 
WCADJ pin to ground. A TTL gate could be used as a 
switch with a small degradation in accuracy. To per- 
form the same function, a DAC could be used, by 
programming it to sink 0.25 mA from the WCADJ pin. 

Iw head (Decrease) = (29 • Vwcadj / Rwcadj) 

Where: 

VWCADJ = Voltage on WCADJ pin = VCC/2 
RWCADJ = Write current adjust setting resistor 
VOLTAGE FAULT 

A voltage Fault detection circuit improves data security 
by disabling the write current generator during a volt- 
age fault or power startup regardless of mode. 

READ MODE 

The Read mode configures the SSI 32R2030A/2031 A 
as a low noise differential amplif ier and deactivates the 
write current generator. The RDX and RDY output are 
driven by emitter followers. They should be AC coupled 
to the load. The (X,Y) inputs are non-inverting to the 
(X,Y) outputs. 

Note that in Idle or Write mode, the read amplifier is 
deactivated and RDX, RDY outputs become high im- 
pedance. This facilitates multiple R/W applications 
(wired-OR RDX, RDY) and minimizes voltage drifts 
when switching from Write to Read mode. Note also 
that the write current source is deactivated for both the 
Read and Idle mode. 

IDLE MODE 

Taking CS high selects the idle mode which switches 
the RDX and RDY outputs into a high impedance state 
and deactivates the device. Power consumption in this 
mode is held to a minimum. 
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ELECTRICAL SPECIFICATIONS 
ABSOLUTE MAXIMUM RATINGS 

Operation above maximum ratings may permanently damage the device. 



PARAMETER 


RATING 


UNIT 


DC Supply Voltage 


VCC1 


-0.3 to +7 


VDC 




VCC2 


-0.3 to +7 


VDC 


Write Current 


IW 


80 


mA 


Digital Input Voltage 


Vin 


-0.3 to VCC1 +0.3 


VDC 


Head Port Voltage 


VH 


-0.3 to VCC2 +0.3 


VDC 


Output Current: RDX, RDY 


10 


-10 


mA 


WUS 


+12 


mA 


Storage Temperature 


Tstg 


-65 to +150 


°C 


RECOMMENDED OPERATING CONDITIONS 


PARAMETER 


RATING 


UNIT 


DC Supply Voltage 


VCC1 


5 ±10% 


VDC 




VCC2 


5 ±10% 


VDC 


Operating Junction Temperature 


Tj 


+25 to +110 


°C. 



DC CHARACTERISTICS 

Recommended operating conditions apply unless otherwise specified. 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


VCC1 Supply Current 


Read Mode 


(Vcc ±5%) 


23 


28 


33 


mA 






(Vcc±10%) 


19 


28 


37 


mA 




Write Mode 


(Vcc ±5%) 


21 


24 


27 


mA 






(Vcc ±10%) 


17 


24 


31 


mA 


*Head Select Pins 


*ldle Mode 


(Vcc ±5%) 


6 


9 


12 


mA 


(HS0, HS1) Floating 




(Vcc ±10%) 


4 


9 


14 


mA 


VCC2 Supply Current 


Read Mode 


(Vcc ±5%) 


5 


8 


11 


mA 






(Vcc ±10%) 


4 


8 


12 


mA 




Write Mode 


(Vcc ±5%) 


6 


8 + Iw 


10 + Iw 


mA 






(Vcc ±10%) 


5 


8 + Iw 


11 + Iw 


mA 




Idle Mode 


(Vcc ±5%) 


0.1 


0.2 


0.4 


mA 






(Vcc ±10%) 


0.1 


0.2 


0.5 


mA 


Power Dissipation 


Read Mode 


(Vcc ±5%) 




175 


230 


mW 






(Vcc ±10%) 






270 


mW 
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SSI 32R2030A/2031A 
5V, 2, 4-Channel Thin-Film 
Read/Write Device 



1 



DC CHARACTERISTICS (Continued) 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


Power Dissipation (Continued) 


Write Mode (Vcc ±5%) 




150 + 4IW 


190 + 4IW 


mW 


(Vcc±10%) 






230 + 
4.4lw 


mW 


Idle Mode (Vcc ±5%) 




50 


65 


mW 


(Vcc ±10%) 






80 


mW 


VCC1 Fault Voltage 


IW < 0.2 mA 


3.8 


4.0 


4.2 


VDC 


DIGITAL INPUTS 


Input Low voltage (VIL) 








0.8 


VDC 


Input High Voltage (VIH) 




2.0 






VDC 


Input Low Current 


VIL = 0.8V 


-0.4 






mA 


Input High Current 


VIH = 2.0V 






100 


uA 


WUS Output Low Voltage (VOL) 


lol = 2 mA max 






0.5 


VDC 


WRITE CHARACTERISTICS 

Recommended operating conditions apply unless otherwise specified. 


Write Current Constant "K" 




.96 


.99 






Write Current Voltage (VWC) 




1.15 


1.25 


1.35 


V 


WCADJ Voltage 

SSI 32R2031 A/2031 AR 


Iwcadj = to .5 mA 


2.0 


VCC/2 


3.0 


VDC 


lhead(Decrease)/lwcADj 
SSI 32R2031 A/2031 AR 




26 


29 


32 


mA/mA 


Iwcadj Range 

SSI 32R2031 A/2031 AR 




0.0 




0.5 


mA 


Differential Head Voltage Swing 


Ih (p-p) • Rh not to exceed 
3.4V (Head Swing Min) 


3.4 






Vpp 


Unselected Head Current 








0.02 Iw 


mApk 


Head Differential Load 
Capacitance 








25 


pF 


Head Differential Load 


SSI 32R2030A/32R2031A 


4K 






a 


Resistance (Rd) 


SSI 32R2030AR/32R2031AR 


560 


700 


950 


Q 


WDI Pulse Width 
(Ref: Figure 1) 


Vil = 0.2V, Vih = 2.4V PWH 


37 






ns 


PWL 


5 






ns 


Vil = 0.2V, Vih = VCC PWH 


20 






ns 


PWL 


5 






ns 


Write Current Range (IW) 




10 




35 


mA 



1-141 



SSI 32R2030A/2031A 

5V, 2, 4-Channel Thin-Film 

Read/Write Device 



READ CHARACTERISTICS 

Recommended operating conditions apply unless otherwise specified. CL (RDX, RDY) < 20 pF, 
RL (RDX, RDY) = 1 ka 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


Differential Voltage Gain 


Vin = 1 mVpp @1 MHz 


200 


250 


300 


v/v 


Voltage BW -1dB 


|Zs| < 5ft, Vin = 1 mVpp 


20 


60 




MHz 


-oab 




oD 


7fi 
/U 




muz 


Input Noise Voltage 


BW =lo MHZ, Ln = 0, Kn = U 




U.D 


A QC 


n v/v Hz 


Differential Input Capacitance 


Vin = 1 mVpp, / = 5 MHz 




27 


35 


PF 


Differential Input Resistance 


Vin = 1 mVpp, / = 5 MHz 

OOl Od\\c\JO\jf\ld\JO 1 A 


OOO 


*:OUU 






ooi utncUOunn/cUO ir\rv 


oou 


^n 




o 


uynamic rtange 


mo input vouagc wiiert/ gain 
falls to 90% of its small signal 
gain value, / = 5 MHz 


3 


6 




mVpp 


Common Mode Rejection Ratio 


Vin = 0VDC + 100mVpp 
@5MHz 


45 


80 




dB 


Power Supply Rejection Ratio 


100 mVpp @ 5 MHz on VCC 


40 


70 




dB 


Channel Separation 


Unselected channels driven 
with Vin == VDC + 100 mVpp 


45 






dB 


Output Offset Voltage 




-300 




+300 


mV 


Single Ended Output Resistance 


f = 5 MHz 






40 


a 


Output Current 


AC coupled load, RDX to RDY 


1.4 






mA 


RDX, RDY Common Mode 
Output Voltage 




2.0 


VCC1/2 


3.5 


VDC 
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SSI 32R2030 A/2031 A 
5V, 2, 4-Channel Thin-Film 
Read/Write Device 



1 



SWITCHING CHARACTERISTICS 

Recommended operating conditions apply unless otherwise specified. IW = 20 mA, Lh = 1 .0 uH Rh = 30Q 
/(Data) = 5 MHz. 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


R/W Read to Write 


R/W to 90% of write current 




0.1 


1.0 


us 


Write to Read 


R/W to 90% of 

100 mV Read signal envelope 




0.5 


1.0 


us 


CS Unselect to Select 


CS to 90% of write current or 
to 90% of 1 00 mV 1 MHz 




0.4 


1.0 


us 


Select to Unselect 


CS to 10% of write current 




0.4 


1.0 


US 


HS0.1 to any Head 


To 90% of 100 mVIOMHz 
Read signal envelope 




0.2 


1.0 


US 


WUS: Safe to Unsafe (TD1) 


Write mode, loss of WDI 
transitions. Defines maximum 
WDI period for WUS operation 


0.6 


2.0 


3.6 


us 


Unsafe to Safe (TD2) 


Fault cleared from first neg 
WDI transition 




0.2 


1.0 


us 


Head Current: 


Lh = 0, Rh = 










WDI to Ix - ly (TD3) 


from 50% points 




20 


32 


ns 


Asymmetry 


WDI has 1 ns rise/fall time 






1.0 


ns 


Rise/fall Time 


10% to 90% points 




6 


12 


ns 




FIGURE 1 : Write Mode Timing Diagram 
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SSI 32R2030 A/2031 A 

5V, 2, 4-Channel Thin-Film 

Read/Write Device 



Worst Case Read Input Noise Voltage vs. Input Impedance for SSI 32R2030AR/2031 AR 

Case 1 : IC Base sheet resistance = Maximum 
Hence, IC bias Current = Minimum 





Tj = 25°C 


Tj = 110°C 


Units 


Vn (Max) 


.7 


0.85 


nWfHz 


Rin (Min) 


450 


475 


a 


Cin (Max) 


28 


30 


PF 



Case 2: IC Base sheet resistance = Minimum 
Hence, IC bias Current = Maximum 





Tj = 25°C 


Tj = 110°C 


Units 


Vn (Max) 


.58 


.65 


nV//Hz 


Rin (Min) 


360 


400 


a 


Cin (Max) 


33 


35 


PF 



Worst Case Read Input Noise Voltage vs. Input Impedance for SSI 32 R2030 A/2031 A 

Case 1 : IC Base sheet resistance = Maximum 
Hence, IC bias Current = Minimum 





Tj = 25°C 


Tj = 110°C 


Units 


Vn (Max) 


.7 


0.85 


nV/VHz 


Rin (Min) 


1525 


1895 


Q. 


Cin (Max) 


28 


30 


PF 



Case 2: IC Base sheet resistance = Minimum 
Hence, IC bias Current = Maximum 





Tj = 25°C 


Tj = 110°C 


Units 


Vn (Max) 


.58 


.65 


nV/tflz 


Rin (Min) 


835 


1100 


Q 


Cin (Max) 


33 


35 


PF 
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SSI 32R2030A/2031A 
5V, 2, 4-Channel Thin-Film 
Read/Write Device 



1 



PACKAGE PIN DESIGNATIONS 

(Top View) 



GND[ 1 

H0X[ 2 

HOY [ 

H1X [ 

H1Y [ 
VCC2[ 6 

N/C[ 7 
WUS [ 8 



32R2030A 
2 

Channels 



] C5 
] R/W 
] WC 
] RDY 
2 ] RDX 
1 ] HSO 
] VCC1 
9 ] WDI 



GND [ 
HOX [ 
HOY [ 
H1X [ 
H1Y [ 
H2X [ 
H2Y [ 7 
H3X [ 8 
H3Y [ 9 
VCC2 [ 10 



20 ] C"3 



32R2030A 
4 

Channels 



] R/W 
] WC 

17 ] RDY 
] RDX 

15 ] HSO 
] HS1 
] VCC1 
] WDI 
] WUS 



GND [ 1 
N/C [ 
HOX [ 
HOY [ 
H1X [ 
H1Y [ 
H2X [ 
H2Y [ 8 
H3X [ 9 
H3Y [ 10 
N/C [ 
VCC2 [ 



24 
23 
22 
21 
20 



] 

] R/W 
] N/C 
] WCADJ 
] WC 



32R2031A 19 ] RDY 
4 

Channels 18 ] RDX 

17 ] HSO 

16 ] HS1 

15 ] VCC1 

11 14 ] WDI 

12 13 ] WUS 



16-Pin SOL 



20-Pin SOL, SOV 



24-Pin SOL, SOV 



THERMAL CHARACTERISTICS: 6ja 



16-Pin SOL 


105°C/W 


20-Pin SOL 


95°C/W 


20-Pin SOV 


125°C/W 


24-Pin SOL 


80°C/W 



Advance Information: Indicates a product still in the design cycle, and any specifications are based on design goals only. Do no use for final 
design. 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders. 



Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680 (714) 573-6000, FAX (714) 573-6914 



0292 - rev. 
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DESCRIPTION 

The SSI 32R2040 Read/Write device is a bipolar 
monolithic integrated circuit designed for use with two- 
terminal thin-film recording heads. It provides a low 
noise read amplifier, write current control and data 
protection circuitry for upto 14 channels. Power supply 
fault protection is provided by disabling the write cur- 
rent generator during power sequencing. System write 
to read recovery time is significantly improved by 
controlling the read channel common mode output 
voltage shift in the write mode. The SSI 32R2040 
requires +5V and +12V power supplies, and it offers 
power and performance improvements over the SSI 
32R5281R. 



SSI 32R2040 

14-Channel Two-Terminal 
Read/Write Device 



Advance Information 



January 1993 

FEATURES 

• High performance: 

Read mode gain = 150 V/V 
Input noise = 0.80 nV/Vfiz max. 
Input capacitance = 22 pF max. 
Write current range = 10 mA to 40 mA 
Head voltage swing = 7 Vpp 
Write current rise time = 9 ns 

• Enhanced system write to read recovery time 

• Differential ECL-like Write Data input 

• Power supply fault protection 

• Write unsafe detection 

• +5V, +1 2V power supplies 



BLOCK DIAGRAM 



PIN DIAGRAM 




H0X [ 




44 


] H13Y 


HOY [ 


2 


43 


] H13X 


H1X [ 


3 


42 


] GND 


H1Y [ 


4 


41 


] HS3 


H2X [ 


5 


40 


] C5 


H2Y [ 


6 


39 


] R/W 


H3X [ 


7 


38 


] WC 


H3Y [ 


8 


37 


] RDY 


H4X [ 


9 


36 


] RDX 


H4Y [ 


10 


35 


] HS0 


H5X [ 


11 


34 


] HS1 


H5Y [ 


12 


33 


] HS2 


H6X [ 


13 


32 


] vcc 


H6Y [ 


14 


31 


] WD 


H7X [ 


15 


30 


] WD" 


H7Y [ 


16 


29 


] WUS 


H8X [ 


17 


28 


] GND 


H8Y [ 


18 


27 


] VDD 


H9X [ 


19 


26 


] H12Y 


H9Y [ 


20 


25 


] H12X 


H10X [ 


21 


24 


] H11Y 


H10Y [ 


22 


23 


] H11X 



44-LEAD SOM 



CAUTION: Use handling procedures necessary 
for a static sensitive component. 



0193 
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SSI 32R2040 

14-Channel Two-Terminal 
Read/Write Device 



CIRCUIT OPERATION 

The SSI 32R2040 addresses up to 1 4 two-terminal thin 
film heads providing write drive or read amplification. 
Head selection and mode control is accomplished with 
pins HSn, CS and R/W, as shown in Tables 1 & 2. 
Internal resistor pullups, provided on pins CS and R/W 
will force the device into a non-writing condition if either 
control line is opened accidentally. 

WRITE MODE 

The write mode configures the SSI 32R2040 as a 
current switch and activates the Write Unsafe (WUS) 
detection circuitry. Write current is toggled between 
the X and Y direction of the selected head on each low 
to high transition on the WD, Write Data input. (See 
figure 1 .) 

A preceding read operation initializes the Write Data 
Flip Flop (WDFF) to pass write current in the X- 
direction of the head, i.e., into the X-port of the head. 
HnX will be biased higher than HnY. 

The magnitude of the write current (0-pk) is given by: 



where Vwc (WC pin voltage) = 1.65V ± 5%, is pro- 
grammed by an external resistor Rwc, connected from 
pin WC to ground. In multiple device applications, a 
single Rwc resistor may be made common to all de- 
vices. The actual head current Ix, y is given by: 

lx,y= — !vv — 
1+Rh/Rd 

where: 

Rh = head resistance + external wire resistance, and 
Rd = damping resistance. 

Power supply fault protection improves data security 
by disabling the write current generator during a volt- 
age fault or power supply sequencing. Additionally, the 
write unsafe detection circuitry will flag any of the 
conditions listed below as a high level on the open 
collector output pin, WUS. Up to two positive transi- 
tions on the WD, Write Data input line, after the fault is 
corrected, are required to clear the WUS flag. 

• WD frequency too low • Device in read mode 

• Device not selected • No write current 

• Open head 



READ MODE 

The read mode configures the SSI 32R2040 as a low 
noise differential amplifier and deactivates the write 
current generator and write unsafe detection circuitry. 
The RDX and RDY outputs are emitter followers and 
are in phase with the "X" and H Y" head ports. These 
outputs should be AC coupled to the load. The RDX, 
RDY common mode voltage is maintained at the write 
mode value, minimizing the transient between write 
mode and read mode, substantially reducing the write 
to read recovery time in the subsequent Pulse Detec- 
tion circuitry. 

IDLE MODE 

The idle mode deactivates the internal write current 
generator, the write unsafe detector and switches the 
RDX, RDY outputs into a high impedance state. This 
facilitates multiple device applications by enabling the 
read outputs to be wire-OR'ed and the write current 
programming resistor to be common to all devices. 



TABLE 1: Mode Select 



CS 


R/W 


MODE 








Write 





1 


Read 


1 





Idle 


1 


1 


Idle 



TABLE 2: Head Select* 



HS3 


HS2 


HS1 


HSO 


HEAD 


























1 


1 








1 





2 








1 


1 


3 





1 








4 





1 





1 


5 





1 


1 





6 





1 


1 


1 


7 













8 










1 


9 







1 





10 







1 


1 


11 




1 








12 




1 





1 


13 



= Low level 1 = High level 



*Unused heads should be left open. 
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SSI 32R2040 
14-Channel Two-Terminal 
Read/Write Device 



PIN DESCRIPTION 



NAME 


TYPE 


DESCRIPTION 


HSO - HS3 


I 


Head Select 


CS 


I 


Chip Select: a low level enables the device 


R/W 


I 


Read/Write: a high level selects Read mode 


WUS 


0* 


Write Unsafe: Open collector output, a high level indicates an unsafe writing 
condition 


WD, WD 


I 


Differential Write Data inputs: a positive transition on WD toggles the direction 
of the head current 


H0X-H13X 
H0Y-H13Y 


I/O 


X, Y Head Connections: Current in the X-direction flows into the X-port 


RDX, RDY 


0* 


X, Y Read Data: differential read data output 


WC 




Write Current: used to set the magnitude of the write current 


VCC 




+5V Logic Circuit Supply 


VDD 




+12V 


GND 




Ground 



*When more than one R/W device is used, these signals can be wire OR'ed. 



ELECTRICAL SPECIFICATIONS 
ABSOLUTE MAXIMUM RATINGS 

Operation outside these rating limits may permanently damage the device. 



PARAMETER 


SYMBOL 


RATING 


DC Supply Voltage 


VDD 


-0.3 to +13.5 VDC 


VCC 


-0.3 to +6 VDC 


Write Current 


Iw 


100 mA 


Digital Input Voltage 


Vin 


-0.3 to VCC +0.3 VDC 


Head Port Voltage 


VH 


-0.3 to +8 VDC 


Differential Port Voltage |HnX - HnY| 


AVH 


6 VDC 


WUS Pin Voltage Range 


Vwus 


-0.3 to VCC VDC 


Output Current RDX, RDY 


lo 


-10 mA 


WUS 


Iwus 


+12 mA 


Storage Temperature 


Tstg 


-65 to+150°C 
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SSI 32R2040 

14-Channel Two-Terminal 
Read/Write Device 



RECOMMENDED OPERATING CONDITIONS 



PARAMETER 


SYMBOL 


RATING 


DC Supply Voltage 


VDD 


12±10%VDC 


VCC 


5± 10%VDC 


Operating Temperature 


Tj 


+25 to +135°C 



DC CHARACTERISTICS 

Unless otherwise specified, recommended operating conditions apply. 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNITS 


\/nn ^unnlx/ Purrpnt 
vuu ou|jpiy v^uiiciii 


nociu iviuuc 




ou 


44 


mA 


Write Mode 


- 


25 + lw 


29 + Iw 


mA 


Idle Mode 




3.5 


4 


mA 


VCC Supply Current 


Read Mode 




22 


29 


mA 


Write Mode 


- 


14 


18 


mA 


Idle Mode 




9 


11.5 


mA 


Power Dissipation (Tj = +1 35°C) 


Read Mode 


- 


540 


740 


mW 


Write Mode 




370+1 0.35»lw 


490 +1 1 .6»lw 


mW 


Idle Mode 




87 


115 


mW 


1 1 ir% i a ir\' ■ _ x i — y*s x /in u \ 

WD, WD Input Low Current (IIL1) 


VIL1 = VCC -1.625V 






80 


uA 


\A/n \A/n Inrtut Ulinh Purrcknt /II 1 1 -f \ 

wu, wu inpui nign uurreni uirn ) 


\/iui \/or* n 7o\/ 






1 uu 


ii A 


WD, WD Input Low Voltage (VIL1 ) 




VCC 
-1.870 




VCC 
-1.625 


VDC 


WD, WD Input High Voltage (VIH1) 




VCC 
-1.00 




VCC 
-0.720 


VDC 


R/W, CS, HS0-HS3 
Input Low Current (IIL2) 


VIL2 = 0.8V 


-0.4 






mA 


R/W, CS, HS0-HS3 
Input High Current (IIH2) 


VIH2 = 2.0V 






100 


uA 


R/W, CS, HS0-HS3 
Input Low Voltage (VIL2) 








0.8 


VDC 


R/W, CS, HS0-HS3 
Input High Voltage (VIH2) 




2.0 






VDC 


WUS Output Low Voltage (VOL) 


lol = 8 mA 






0.5 


VDC 


VDD Fault Voltage 




9.0 




10.3 


VDC 


VCC Fault Voltage 




3.5 




4.2 


VDC 
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DC CHARACTERISTICS (continued) 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNITS 


Head Current (HnX, HnY) 


Write Mode, 
< VCC < 3.5V 
< VDD < 9.0V 


-200 




+200 


[lA 


Read/Idle Mode, 
< VCC < 5.5V 
0< VDD <1 3.2V 


-200 




+200 


uA 


WRITE CHARACTERISTICS 

Unless otherwise specified, recommended operating conditions apply, Iw = 20 mA, Lh = 500 nH, Rh = 30Q 
and f(WD) = 5 MHz. 


WC Pin Voltage (Vwc) 


10<lw<40 mA 


1.57 


1.65 


1.73 


V 


Differential Head Voltage Swing 




7 






Vpp 


Unselected Head Current 








1 


mA(pk) 


Differential Output Capacitance 








25 


PF 


Differential Output Resistance 






2000 




Q. 


WDI Transition Frequency 


WUS = low 


1.7 






MHz 


WUS = high 






500 


kHz 


Write Current Range 




10 




40 


mA 



READ CHARACTERISTICS 

Unless otherwise specified, recommended operating conditions apply CL (RDX, RDY) < 20pF and 
RL (RDX, RDY) = 1 kft. 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNITS 


Differential Voltage Gain 


Vin=1mVpp@ 300 kHz 


120 


150 


180 


v/v 


Bandwidth -1dB 


|Zs|<5Q, Vin=1 mVpp 


25 


40 




MHz 


-3dB 


|Zs|<5&, Vin=1 mVpp 


35 


55 




MHz 


Input Noise Voltage 


BW=15MHz, Lh = 0, Rh = 




0.57 


0.80 


nV/VRz 


Differential Input Capacitance 


Vin = 1 mVpp, f = 5 MHz 




15 


22 


PF 


Differential Input Resistance 


Vin = 1 mVpp, f = 5 MHz 


750 


1000 




Q 


Dynamic Range 


Peak-to-peak AC input voltage 
where gain falls to 90% of its 
small signal value, f = 5 MHz 


2.0 






mVpp 


Common Mode Rejection Ratio 


Vcm = 100 mVpp AC Coupled @ 5 MHz 


54 






dB 


Power Supply Rejection Ratio 


100 mVpp @ 5 MHz on VDD 
100 mVpp @ 5 MHz on VCC 


54 






dB 


Channel Separation 


Unselected channels driven 
with 100 mVpp@ 5 MHz, 
Vin = mVpp 


45 






dB 
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SSI 32R2040 
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READ CHARACTERISTICS (continued) 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNITS 


Output Offset Voltage 




-400 




+400 


mV 


RDX, RDY Common Mode 
Output Voltage 


Read Mode 


2.3 


2.9 


3.5 


VDC 


Single Ended Output Resistance 


f = 5 MHz 






30 


Q 


Output Current 


AC Coupled Load, 
RDX to RDY 


3.2 






mA 


SWITCHING CHARACTERISTICS (See Figure 1) 

Unless otherwise specified, recommended operating conditions apply, Iw = 20 mA, Lh = 500 nH, Rh = 30Q 
and f(WD) = 5 MHz. 


R/W 


R/W to Write Mode 


Delay to 90% of write 
current 






0.6 


lis 


R/W to Read Mode 


Delay to 90% of 100 mV 
10 MHz Read signal 
envelope or to 90% decay 
of write current 






0.6 


us 


CS 


CS to Select 


Delay to 90% of write 
current or to 90% of 
100 mVIOMHz Read 
signal envelope 






0.6 


us 


CS to Unselect 


Delay to 90% of write 
current 






0.6 


us 


HSn 


HSO, 1, 2, 3 to any Head 


Delay to 90% of 100 mV 
10 MHz Read signal 
envelope 






0.4 


us 


WUS 


Safe to Unsafe - TD1 






0.6 


2.0 


us 


Unsafe to Safe - TD2 








1 


MS 


Head Current 


Prop. Delay - TD3 


From 50% points, Lh=0 u.h, 
Rh=0H 






32 


ns 


Asymmetry 


WD has 50% duty cycle 
and 1ns rise/fall time, 
Lh=0 oh, Rh=0Q 






0.5 


ns 


Rise/Fall Time 


10% - 90% points, Lh=0 u.h, 
Rh=0Q 






5 


ns 


Rise/Fall Time 


10% -90% points, Lh=1 uh 
Rh=35Q 




TBD 




ns 
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FIGURE 1 : Write Mode Timing Diagram 



PACKAGE PIN DESIGNATIONS 

(Top View) 



THERMAL CHARACTERISTICS: Gja 



44-Lead SOM 



40°C/W 



HOX 


[ 


1 


44 


] H13Y 


HOY 


C 


2 


43 


] H13X 


H1X 


[ 


3 


42 


] GND 


H1Y 


c 


4 


41 


] HS3 


H2X 


[ 


5 


40 


]CS 


H2Y 


c 


6 


39 


] R/W 


H3X 


c 


7 


38 


] WC 


H3Y 


c 


8 


37 


] RDY 


H4X 


c 


9 


36 


] RDX 


H4Y 


c 


10 


35 


] HSO 


H5X 


c 


11 


34 


] HS1 


H5Y 


c 


12 


33 


] HS2 


H6X 


c 


13 


32 


] vcc 


H6Y 




14 


31 


] WD 


H7X 


c 


15 


30 


] WD 


H7Y 


c 


16 


29 


] WUS 


H8X 


[ 


17 


28 


] GND 


H8Y 


[ 


18 


27 


] VDD 


H9X 


c 


19 


26 


] H12Y 


H9Y 


[ 


20 


25 


] H12X 


H10X 


c 


21 


24 


] H11Y 


H10Y 


[ 


22 


23 


3 H11X 



44-Lead SOM 
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SSI 32R2060 

5V, 8-Channel 
Thin-Film Read/Write Device 



Mmsushtis' 

A TDK Group /Company 



DESCRIPTION 

The SSI 32R2060 is a bipolar monolithic integrated 
circuit designed for use with two-terminal recording 
heads. It provides a low noise read amplifier, write 
current control, and data protection circuitry for up to 
eight channels. Power supply fault protection is pro- 
vided by disabling the write current generator during 
power sequencing. System write to read recovery time 
is significantly improved by controlling the read chan- 
nel common mode output voltage shift in the write 
mode. 

The 32R2060 provides multiple channel write capabil- 
ity to assist in servo writing operations. 



Advance Information 



December 1992 

FEATURES 

• +5V ±10% supply 

• Low power 

- PD = 130 mW read mode (Norn) 

- PD = 5 mW Idle (Max) 

• High Performance: 

- Read mode gain = 250 V7V 

- Input noise = 0.56 nV/VHz (Norn) 

- Input capacitance = 16 pF (Norn) 

- Write current range = 5-35 mA 

• Designed for two-terminal thin-film or MIG 
heads with inductance up to 5.0 \lH 

• Multiple channel write capability 

• Write unsafe detection 

• Power supply fault protection 

• Head short to ground protection 



BLOCK DIAGRAM 



PIN DIAGRAM 



wus 

— □ — 



WRITE 






UNSAFE 




REFERENCE 


DETECTOR 




VOLTAGE 
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CAUTION: Use handling procedures necessary 
for a static sensitive component. 



SSI 32R2060 
5V, 8-ChanneI 

Thin-Film Read/Write Device 



CIRCUIT OPERATION 

The SSI 32R2060 has the ability to address up to 8 two-terminal heads and provide write drive or read amplification. 
Mode control and head selection are described in Tables 1 and 2. The TTL inputs R/W and CS have internal pull- 
up resistors to prevent an accidental write condition. HSO, HS1 , HS2/BS and SE have internal pulldown resistors. 
Internal clamp circuitry will protect the IC from a head short to ground condition in any mode. 



TABLE 1 : Mode Select 



CS 


R/W 


SE 


HS2/BS* 


Mode 














Single Channel Write. See Table 2. 











1 


Single Channel Write. See Table 2. 








1 





Servo Write Channels 0, 1 , 2, 3 








1 


1 


Servo Write Channels 4, 5, 6, 7 





1 


X 


X 


Single Channel Read. See Table 2. 


1 


X 


X 


X 


Idle. 



*HS2/BS is: HS2 in Read or Write mode (SE = 0) _ 

BS in Servo Pack Write mode (SE = 1 , R/W = 0) 



TABLE 2: Head Select 



HS2/BS 


HS1 


HSO 


Head 




















1 


1 





1 





2 





1 


1 


3 


1 








4 


1 





1 


5 


1 


1 





6 


1 


1 


1 


7 



WRITE MODE 

Taking both CS and R/W low selects Write mode which 
configures the SSI 32R2060 as a current switch and 
activates the Write Unsafe (WUS) detector circuitry. 
Head current is toggled between the X and Y side of the 
selected head on each high to low transition of the 
Write Data Input (WDI). Changing from Read or Idle 
mode to Write mode initializes the Write Data Flip-Flop 
to pass write current into the "X" pin. In this case, the Y 
side of the head will be higher potential than the X side. 



The magnitude of the write current (0-pk) is given by: 
Aw • Vwc 



lw = 



Rwc 



Rwc is connected from pin WC to GND. Note the 
actual head current Ix, y is given by: 

bc.y = : ,w 



1 + Rh/Rd 
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5V, 8-Channel 
Thin-Film Read/Write Device 



1 



Where: 

Rh = Head resistance plus external wire 

resistance 
Rd = Damping resistance 

SERVO WRITE MODE 

Taking SE high and R/W low activates Servo Write 
mode. This mode allows for writing to multiple channels 
at once, which is useful during servo formatting. In this 
mode, selecting BS=0 will cause the write driver to 
drive channels 0, 1 , 2, and 3 simultaneously. Selecting 
BS=1 will cause the write driver to drive channels 4, 5, 
6, and 7 simultaneously. 

POWER SUPPLY FAULT PROTECTION 

A voltage fault detection circuit improves data security 
by disabling the write current generator during a volt- 
age fault or power startup regardless of mode. Note 
that WUS does not necessarily turn on to flag a power 
supply fault condition. 

HEAD SHORT TO GROUND PROTECTION 

The 2060 provides a head short to ground protection 
circuit in any mode. In Idle or Read Mode, current out 
of the head port will not exceed 20 mA if any head is 
shorted to ground. In Write mode, if any head is shorted 
to ground (regardless if it is selected or not) the write 
current generator will turn off, the WUS flag will go high, 
and current will be limited to less than 1 mA out of the 
head port. 

WRITE UNSAFE 

Any of the following conditions will be indicated as a 
high level on the Write Unsafe, WUS, open collector 
output. 

WD I frequency too low 
Device in Read mode 
Device in servo Write mode 
Chip disabled 
No head current 
Head opened 
Head short to ground 



To insure proper WUS operation, the product of write 
current, WDI frequency, and head inductance should 
be less than 500 mA-jiH-MHz. To insure no false WUS 
trigger, the product of head current and head resis- 
tance (Ix.yRh) should be between 100 mV and 1.7V. 

WDI frequency too low is detected if the WDI fre- 
quency falls below 500 kHz (typ). Consult the WUS 
Safe to Unsafe timing for range of frequency detection. 

Device in Read mode, Device in servo Write mode 
and Chip disabled will flag WUS if R/W is high, if SE 
is high, or CS is high. 

No head current will flag WUS if Rwc = <*> and the 
selected head is present. 

Head opened will flag WUS if Rh = <*> and under the 
condition that VCC/lw < 0.25 V/mA. 

Head short to ground is described in the preceding 
paragraph. 

Upon entering write mode, WUS is valid after two high 
to low transitions of WDI following the required Read- 
Write transition time (0.6 us max). 

READ MODE 

The Read mode configures the SSI 32R2060 as a low 
noise differential amplifier and deactivates the write 
current generator. The damping resistor is switched 
out of the circuit allowing a high impedance input to the 
read amplifier. The RDX and RDY output are driven by 
emitter followers. They should be AC coupled to the 
load. The (X,Y) inputs are non-inverting to the (X,Y) 
outputs. 

Note that in Idle, Write or Servo Write mode, the read 
amplifier is deactivated and RDX, RDY outputs be- 
come high impedance. This facilitates multiple R/W 
applications (wired-OR RDX, RDY) and minimizes 
voltage drifts when switching from Write to Read mode. 
Note also that the write current source is deactivated 
for both the Read and Idle mode. 

IDLE MODE 

Taking CS high selects the idle mode which switches 
the RDX and RDY outputs into a high impedance state 
and deactivates the device. Power consumption in this 
mode is held to a minimum. 
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PIN DESCRIPTION 



NAME 


TYPE 


DESCRIPTION 


HS0,HS1, t 


I 


Head Select: selects one of eight heads 


HS2/BS 


I 


Head Select 2 in normal mode (SE = 0). Bank Select in Servo Write mode 
(SE = 1 , R/W = 0) 


CS 


I 


Chip Select: a high inhibits the chip 


D A A/ X 
H/W T 


1 


Read/Write : a high selects Read mode 


\A/I IQ + 
VVUO T 




vvnie unsaie. a riign inoicaies an unsdie wniiny uuiiaiiion 


wni t 

VVUI 1 


| 


\A/ritP Data In* phannpc thp Hirpptinn nf thp dirrpnt in thp rppnrHinn hpaH 
vviuc vJcxvcx hi. \->i idi lyco uic umcouuii ui uic iruiidii 111 uic ic/Iajiuii ty iicau 


HOX - H7X; 
HOY - H7Y 


I/O 


X, Y Head Connections 


RDX, RDY t 





X, Y Read Data: differential read data output 


WC t 




Write Current: used to set the magnitude of the write current 


VCC1 


1 


+5V Supply 


VCC2 


1 


+5V Supply for Write current drivers 


GND 


1 


Ground 


SE 


1 


When active, and R/W = 0, activates Servo Write mode. 



t When more than one R/W device is used, signals can be wire OR'ed 
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ELECTRICAL SPECIFICATIONS 
ABSOLUTE MAXIMUM RATINGS 

Operation above maximum ratings may permanently damage the device. 



PARAMETER 


RATING 


DC Supply Voltage 


VCC1 


-0.3 to +6 VDC 




VCC2 


-0.3 to +6 VDC 


Write Current 


Iw 


60 mA 


Digital Input Voltage 


Vin 


-0.3 to VCC1 +0.3 VDC 


Head Port Voltage 


VH 


-0.3 to VCC2 +0.3 VDC 


Output Current: RDX, RDY 


10 


-6 mA 


WUS 


+8 mA 


Storage Temperature 


Tstg 


-65 to +150 °C 



RECOMMENDED OPERATING CONDITIONS 



DC Supply Voltage VCC1 = VCC2 


5 ±10% 


VDC 


Operating Junction Temperature Tj 


+25 to +135 


°C 


Recommended Head Load Range Lh 


0.3-5.0 





DC CHARACTERISTICS 

Recommended operating conditions apply unless otherwise specified. 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


VCC1 Supply Current 


Read Mode 




18 


25 


mA 


Write Mode 




22 


29 


mA 


Idle Mode 




0.6 


0.9 


mA 


VCC2 Supply Current 


Read Mode 




8 


11 


mA 


Write Mode 




4 + Iw 


7 + Iw 


mA 


Idle Mode 







0.2 


mA 


Power Dissipation 


Read Mode 




130 


200 


mW 


Write Mode 




130 + 4 Iw 


200 + 4.3 Iw 


mW 


Idle Mode 




3 


5 


mW 


VCC1 Fault Voltage 


Iw < 0.2 mA 


3.5 


3.9 


4.2 


VDC 
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ELECTRICAL SPECIFICATIONS (continued) 
DIGITAL INPUTS 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


Input Low voltage (Vil) 








0.8 


VDC 


Input High Voltage (Vil) 




2.0 






VDC 


Input Low Current 


Vil = 0.8V 


-0.4 






mA 


Input High Current 


Vih = 2.0V 






100 


ma 


WUS Output Low Voltage (Vol) 


lol = 2 mA max 






0.5 


VDC 


WRITE CHARACTERISTICS 

Recommended operating conditions apply unless otherwise specified. 


Write Current Gain "Aw" 


Iw = Aw • Vwc/Rwc 




20 




mA/mA 


Write Current Voltage (Vwc) 




2.375 


2.5 


2.625 


V 


Differential Head Voltage Swing 


Open Head 
Iw = 20 mA 


4.2 


5.6 




Vpp 


Unselected Head Current 








1 


mA (pk) 


Head Differential Damping 
Resistance (Rd) 




2200 






Q 


WDI Pulse Width 


Vil > 0.2V PWH 


10 






ns 




PWL 


5 






ns 


Write Current Range (Iw) 




5 




35 


mA 


Head Differential Load 
Capacitance 








25 


pF 


SERVO WRITE CHARACTERISTICS 


Write Current Range 




5 




25 


mA 


Write Current Matching 


Between channels 




+10% 
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READ CHARACTERISTICS 

Recommended operating conditions apply unless otherwise specified. CL (RDX, RDY) < 20 pF, 
RL (RDX, RDY) = 1 kQ. 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


Differential Voltage Gain 


Vin = 1 mVpp @1 MHz 


250 


300 


350 


v/v 


Voltage BW -1dB 


|Zs| < 5Q, Vin = 1 mVpp 


20 






MHz 


-3dB 


|Zs| < 5Q, Vin = 1 mVpp 


45 






MHz 




RW-15MH7 lh-0 Rh - 




n Rfi 


n 75 


nV/A/H7 
1 1 v/ \ nz. 


Differential Innut Canacitanne 


Vin = 1 mVnn f - 5 MHz 

V II 1 — 1 1 1 1 V fJfJf J — \J IVII \t- 




16 


22 


nF 


Differential Innut Re^i^tanne 


Vin = 1 mVnn f = 5 MHz 

VIII — 1 1 1 1 V UUj / — \J IVII 1 £-~ 


720 


1200 




Q. 


Dvnamic Ranne 

L-/ V 1 IC4I 1 1 lv 1 1 CI 1 


AC innut vnltane where nain 
falls to 90% of its small signal 
gain value, / = 5 MHz 


2 






mVpp 


Common Mode Rejection Ratio 


Vin = 0VDC + 100 mVpp 
@5MHz 


55 






dB 


Power Supply Rejection Ratio 


100 mVpp @ 5 MHz on VCC 


50 






dB 


Channel Separation 


Unselected channels driven 
with Vin = VDC + 100 mVpp 


55 






dB 


Output Offset Voltage 








±300 


mV 


Single Ended Output Resistance 


/ = 5 MHz 






50 


a 


Output Current 


AC coupled load, RDX to RDY 


0.9 






mA 


RDX, RDY Common Mode 
Output Voltage 




0.4 VCC 


VCC/2 


0.6 VCC 


VDC 



SWITCHING CHARACTERISTICS 

Recommended operating conditions apply unless otherwise specified. IW = 20 mA, Lh = 1 .0 u.H, Rh = 30Q 
/(Data) = 5 MHz. 



R/W Read to Write 


R/W to 90% of write current 




0.1 


0.6 


MS 


Write to Read 


R/W to 90% of 

100 mV Read signal envelope 




0.1 


0.6 


U.S 


CS Unselect to Select 


CS to 90% of write current or 
to 90% of 100 mVIOMHz 




0.2 


1 


us 


Select to Unselect 


CS to 1 0% of write current 




0.11 


0.6 


MS 


HS0.1 to any Head 


To 90% of 100 mVIOMHz 
Read signal envelope 




0.11 


0.6 


us 


WUS: Safe to Unsafe (TD1) 


Write mode, loss of WDI 
transitions. Defines maximum 
WDI period for WUS operation 


0.6 


2.0 


3.6 


MS 


Unsafe to Safe (TD2) 


Fault cleared, from first neg 
WDI transition 




0.1 


0.6 


MS 
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ELECTRICAL SPECIFICATIONS (continued) 
SWITCHING CHARACTERISTICS (continued) 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


Head Current: 












WDI to Ix - ly (TD3) 


from 50% points, Lh = 0, Rh = 




3 


10 


ns 


Asymmetry 


WDI has 1 ns rise/fall time, 
Lh = 0, Rh = 






1.0 


ns 


Rise/fall Time 


1 0% to 90% points, Lh = 0, Rh = 




4 


6 


ns 


Rise/fall Time 


Lh = 1 nH, Rh = 30£2 




15 




ns 




FIGURE 1: Write Mode Timing Diagram 
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PACKAGE PIN DESIGNATIONS 

(Top View) 



HOX 

HOY 

H1X L 

H1Y [ 

H2X [ 

H2Y [ 

H3X [ 

H3Y [ 

H4X 

H4Y 

H5X 

H5Y 

H6X 

H6Y 

H7X 

H7Y 

N/C 

N/C 



1 




36 


2 




35 


3 




34 


4 




33 


5 




32 


6 




31 


7 




30 


8 




29 


9 


32R2060R 
8 

Channels 


28 


10 




27 


11 




26 


12 




25 


13 




24 


14 




23 


15 




22 


16 




21 


17 
18 




20 
19 



GND 

GND 

C3 

R/W 

WC 

RDY 

RDX 

HSO 

HS1 

HS2/BS 

VCC1 

WDI 

WUS 

VCC2 

VCC2 

SE 

N/C 

N/C 



36-Lead SOM 



Advance Information: Indicates a product still in the design cycle, and any specifications are based on design goals only. Do not use for 
final design. 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders. 
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SSI 32R2063/2064/2065 
5V, 4-Channel 
Thin-Film Read/Write Device 



MMSUfhtlS' 

A TDK Group /Company 



DESCRIPTION 

The SSI 32R2063/64/64 are a bipolar monolithic inte- 
grated circuits designed for use with two-terminal re- 
cording heads. They provide a low noise read amplifier, 
write current control, and data protection circuitry for up 
to four channels. Power supply fault protection is 
provided by disabling the write current generator dur- 
ing power sequencing. System write to read recovery 
time is significantly improved by controlling the read 
channel common mode output voltage shift in the write 
mode. 

All versions provide multiple channel write capability to 
assist in servo writing operations. The 2063 device 
provides ECL write data input, with Servo Bank write 
selected by a TTL pin (SE). The 2064 device provides 
TTL write data input, with servo write selected by a TTL 
pin (SE). The 2065 device provides TTL write data 
input, with servo write selected by bringing the WUS/ 
SE pin above VCC. 

The SSI 32R2063/64/65 require only +5V power sup- 
plies and is available in a variety of packages. 



Target Specification 



January 1993 

FEATURES 

• +5V ±10% supply 

• Low power 

- PD = 160 mW read mode (Nom) 

- PD = 5 mW idle (Max) 

• High Performance: 

- Read mode gain = 200 V/V 

- Input noise = 0.56 nV/VHz (Nom) 

- Input capacitance = 16 pF (Nom) 

- Write current range = 5-40 mA 

• Multiple channel write capability 

• Designed for two-terminal thin-film or MIG 
heads with inductance up to 5.0 |iH 

• Write unsafe detection 

• Power supply fault protection 

• Head short to ground protection 



BLOCK DIAGRAM 



PIN DIAGRAM 




GND 
HOX 
HOY 
H1X 
H1Y 
H2X 
H2Y 
H3X 
H3Y 
VCC 







20 


2 




19 


3 




18 


4 




17 




32R2063 




5 


4 


16 




Channel 




6 




15 


7 




14 


8 




13 


9 




12 


10 




11 



20-LEAD SOL, VSOP 



CAUTION: Use handling procedures necessary 
for a static sensitive component. 
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SSI 32R2063/2064/2065 
5V, 4-Channel 

Thin-Film Read/Write Device 



PACKAGE PIN DESIGNATIONS 

(Top View) 



GND | 


1 20 

2 19 

3 18 

4 17 

32R2064 

5 4 16 

Channels 

6 15 

7 14 

8 13 

9 12 

10 11 


| SE 






HOX | 


I R/W 






HOY i 


I wc 






H1X | 


] RDY 






H1Y | 


I RDX 






H2X | 


I HSO 






H2Y | 


I HS1 






H3X I 


I vcc 






H3Y | 


I WDI 






vcc I 


I WUS 







20-LEAD SOL, VSOP 



GND I 


1 20 

2 19 

3 18 

4 17 

32R2065 

5 4 16 

Channels 

6 15 

7 14 

8 13 

9 12 

10 11 


| es 






HOX | 


I R/W 






HOY | 


I WC 






H1X I 


I RDY 






H1Y | 


I RDX 






H2X | 


I HSO 






H2Y | 


I HS1 






H3X | 


| VCC 






H3Y | 


I WDI 






VCC | 


I WUS/SE 







20-LEAD SOL, VSOP 



Target Specification: The target specification is intended as an initial disclosure of specification goals for the product. The specifications 
are based on design goals, subject to change and are not guaranteed. 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data sheet 
is current before placing orders. 
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DESCRIPTION 



SSI 32R2100R 

10-Channel Two Terminal 
Thin-Film Read/Write Device 



Target Specification 



January 1993 



FEATURES 



The SSI 32R21 00R is a BiCMOS monolithic integrated 
circuit designed for use with two-terminal recording 
heads. It is intended for use in hard disk drive designs 
which require data rates exceeding 48 Mb/sec. It 
provides a low noise read amplifier, write current con- 
trol, and data protection circuitry for 10 channels. The 
SSI 32R21 00R provides internal 320Q damping resis- 
tors that are switched in during Write mode and 
switched out during Read mode. Power supply fault 
protection is provided by disabling the write current 
during power sequencing. System write-to-read recov- 
ery time is significantly improved by controlling the read 
channel common mode output voltage shift in the Write 
mode. The device provides the user with a controllable 
write-current adjustment feature with a current gain of 
20x. The device also provides a multiple channel 
"servo bank write" capability which is useful during 
servo writing. 

BLOCK DIAGRAM 




+5V, +12V ±10% supply 
Low power 

- PD = 200 mW read mode (Nom) 
-PD = 1.0 mW idle (Max) 

High Performance: 

- Read mode gain = 250 V7V 

- Input noise = 0.45 nV/VHz (Nom) 

- Input capacitance = 12 pF (Nom) 

- Write current range = 5-40 mA 

- Max write current rise/fall time = 7 nsec (ty p. head) 

- Head voltage swing = lOVpp (min) 
Servo bank-write capability 
Unselected heads are at GND potential 
Self-switching damping resistance 

Designed for two-terminal thin-film or MIG 

heads with inductance up to 1 .0 jiH 

Write unsafe detection 

Power supply fault protection 

Head short to ground protection 

Differential ECL-like write data input 

36-Lead SOM package 
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SSI 32R2100R 

10 Channel Two Terminal 

Thin-Film Read/Write Device 



PACKAGE PIN DESIGNATIONS 

(Top View) 



CAUTION: Use handling procedures necessary 
for a sialic sensitive component. 



HOX 


c 


1 


36 


] GND 


HOY 


[ 


2 


35 


] HS3 


H1X 


[ 


3 


34 


] CS 


H1Y 


[ 


4 


33 


] R/W 


H2X 


c 


5 


32 


] WC 


H2Y 


c 


6 


31 


] RDY 


H3X 


c 


7 


30 


] RDX 


H3Y 


[ 


8 


29 


] HSO 


H4X 


[ 


9 


28 


] HS1 


H4Y 


[ 


10 


27 


] HS2 


H5X 


[ 


11 


26 


] VCC 


H5Y 


c 


12 


25 


] WD 


H6X 


c 


13 


24 


] WD 


H6Y 


c 


14 


23 


] WUS/SE 


H7X 


c 


15 


22 


] VDD 


H7Y 


c 


16 


21 


] N/C 


H8X 


[ 


17 


20 


] H9Y 


H8Y 


c 


18 


19 


] H9X 



36-Lead SOM 



Target Specification: The target specification is intended as an initial disclosure of specification goals for the product. The specifications 
are based on design goals, subject to change and are not guaranteed. 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders. 
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Patent Pending 
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DESCRIPTION 

The SSI 32R2200R/2201R is a BiCMOS monolithic 
integrated circuit designed for use with two-terminal 
recording heads. It provides a low noise read amplifier, 
write current control, and data protection circuitry for 4 
channels. The device provides internal 320 Q, damping 
resistors that are switched in during Write mode and 
switched out during Read mode. Power supply fault 
protection is provided by disabling the Write Current 
generator during power sequencing. System write-to- 
read recovery time is significantly improved by control- 
ling the read channel common mode output voltage 
shift in the Write mode. The device provides the user 
with a controllable Write-Current adjustment feature 
with a current gain of 20x. The device also provides a 
multiple channel "servo bank write" capability which is 
useful during servo writing. 

The SSI 32R2200R requires only +5V power supplies 
and is available in a variety of packages. It provides 
differential ECL - like write data input. The SSI 
32R2201 R provides TTL write data input. It is hardware 
compatible with the SSI 32R2020R Read/Write device. 



SSI 32R2200R/2201R 

5V 4-Channel 
Thin-Film Read/Write Device 



Target Specification 



January 1993 

FEATURES 

• +5V ±10% supply 

• Low power 

- PD = 150 mW Read mode (Norn) 

- PD = 0.5 mW Idle (Max) 

• High Performance: 

- Read mode gain = 250 V/V 

- Input noise = 0.45 nV/VHz (Norn) 

- Input capacitance = 12 pF (Norn) 

- Write current range = 3-35 mA 

- Max write current rise/fall time = 9 nsec 
(typical head) 

- Head voltage swing = 6 Vpp min 

• Servo bank-write capability 

• Unselected heads are at GND potential 

• Self switching damping resistance 

(continued) 



BLOCK DIAGRAM 



VCC GND 




0193 



1-169 



SSI 32R2200R/2201R 
5V 4-Channel 

Thin-Film Read/Write Device 



FEATURES (continued) 



Designed for two-terminal thin-film or MIG 
heads with inductance up to 1.5 \iH 
Write unsafe detection 
Power supply fault protection 



Head short to ground protection 

Differential ECL-like (32R2200R) or TTL 
(32R2201R) write data inputs 
Available in 24-Lead SOL, SOV package 



PACKAGE PIN DESIGNATIONS 

(Top View) 



CAUTION: Use handling procedures necessary 
for a static sensitive component. 



GND [ 


1 




20 


] CS 


GND [ 


1 


20 


] es 


HOX £ 


2 




19 


] R/W 


HOX [ 


2 


19 


] R/W 


HOY [ 


3 




18 


] WC 


HOY [ 


3 


18 


] WC 


H1X [ 


4 




17 


] RDY 


H1X [ 


4 


17 


] RDY 


H1Y [ 


5 


32R2200R 


16 


] RDX 


H1Y [ 


5 32R2201 R 


16 


] RDX 


H2X [ 


6 


4 

Channels 


15 


] HSO 


H2X [ 


4 

6 Channels 


15 


] HSO 


H2Y [ 


7 




14 


] HS1 


H2Y [ 


7 


14 


] HS1 


H3X [ 


8 




13 


] WD 


H3X [ 


8 


13 


] VCC 


H3Y [ 


9 




12 


] WE 


H3Y [ 


9 


12 


] WDI 


VCC [ 


10 




11 


] WUS/SE 


VCC [ 


10 




] WUS/SE 



20-Lead SOV, SOL 



20-Lead SOV, SOL 



Target Specification: The target specification is intended as an initial disclosure of specification goals for the product. The specifications 
are based on design goals, subject to change and are not guaranteed. 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders. 
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SSI 32 R 2300/2300 R/ 230 1/2301R 
+3.3V/5.0V, 2, 4-Channel 
2-Terminal Read/Write Device 



A TDK Group /Company 



DESCRIPTION 

The SSI 32R2300/2300R are BiCMOS monolithic inte- 
grated circuits designed for use with two-terminal re- 
cording heads. They provide a low noise read ampli- 
fier, write current control, and data protection circuitry 
for up to four channels. The SSI 2300 R option provides 
internal 350£2 damping resistors. Damping resistors 
are switched in during Write mode and switched out 
during Read mode. The SSI 32R2300 option does not 
provide a damping resistor. Power supply fault protec- 
tion is provided by disabling the write current generator 
during power sequencing. System write to read recov- 
ery time is significantly improved by making the read 
channel outputs high impedance. 

The SSI 32R2300/2300R require only a +3.3V power 
supply and are available in a variety of packages. They 
are hardware compatible with the SSI 32R4610A and 
SSI 32R2020R Read/Write devices. The SSI 
32R2301/2301R is identical to the SSI 32R2300/ 
2300R, but comes in 24-pin package. 



Advance Information 



December 1992 

FEATURES 

• +3.0V - 5.5V voltage supply 

• Low power 

- PD = 63 mW read mode (Nom) (@3.3V supply) 

- PD = 1 mW idle (Max) 

• High Performance: 

- Read mode gain = 200 V7V 

- Input noise = 0.50 nV/VHz (Nom) 

- Input capacitance = 9 pF (Nom) 

- Write current range = 3-25 mA 

• Self switching damping resistance 

• Pin compatible with the SSI 32R4610AR and 
SSI 32R2020R 

• Write unsafe detection 

• Power supply fault protection 



BLOCK DIAGRAM 



PIN DIAGRAM 



VCC1 GND 




H2Y [ 7 

H3X [ 8 

H3Y [ 9 

VCC2 [ 10 



GND [ 1 
HOX [ 2 
HOY [ 3 

H1X [ 4 

r 32R2300/ 

mT L 32R2300R 

r 4 

H2X |_ 6 Channels 



20 ] C"S 

19 ] R/W 

18 ] WC 

17 ] RDY 

16 ] RDX 

15 ] HSO 

14 ] HS1 

13 ] VCC1 

12 ] WDI 

11 ] WUS 



20-Lead SOL 



CAUTION: Use handling procedures necessary 
for a static sensitive component. 
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SSI 32R2300/2300R/2301/2301 R 
+3.3V/5.0V, 2, 4-Channel 
2-Terminal Read/Write Device 



CIRCUIT OPERATION 



The SSI 32R2300/2300R have the ability to address up to 4 two-terminal heads and provide write driveor read 
amplification. Mode control and head selection are described in Tables 1 and 2. The TTL inputs R/W, CS, HSO 
and HS1 have internal pull-up resistors. 



TABLE 1 : Mode Select 



TABLE 2: Head Select 



CS 


R/W 


Mode 




HS1 


HSO 


Head 








Write 
















1 


Read 







1 


1 


1 





Idle 




1 





2 


1 


1 


Idle 




1 


1 


3 



PIN DESCRIPTIONS 



NAME 


TYPE 


DESCRIPTION 


HSO, HS1 t 


I 


Head Select: selects one of four heads 


CS 


I 


Chip Select: a high inhibits the chip 


R/W t 


I 


Read/Write : a high selects Read mode 


WUS t 





Write Unsafe: a high indicates an unsafe writing condition 


WDI t 


I 


Write Data In: a negative transition on WDI changes the direction of the 
current in the recording head 


HOX - H3X; 
HOY - H3Y 


I/O 


X, Y Head Connections 


RDX, RDY t 





X, Y Read Data: differential read data output 


WC 




Write Current: used to set the magnitude of the write current 


VCC1 


I 


Power Supply 


VCC2 


I 


Power Supply for Write current drivers 


GND 


I 


Ground 



t When more that one R/W device is used, signals 
can be wire OR'ed 

WRITE MODE 

Taking both CS and R/W low selects write mode which 
conf igures the SSI 32R2300/2300R as acurrent switch 
and activates the Write Unsafe (WUS) detector cir- 
cuitry. Head current is toggled between the X and Y 
side of the selected head on each high to low transition 
of the Write Data Input (WDI). Note that a preceding 
Read to Write transition or Idle to Write transition 



initializes the Write Data Flip-Flop to pass write current 
into the "X" side of the device. In this case, the Y side 
is higher potential than the X side. The magnitude of the 
write current (0-pk) is given by: 

lw=Aw 'S = %wc 

where Aw is the write current gain. 

RWC is connected from pin WC to GND. Note the 

actual head current Ix, y is given by: 

lx, y = UK 

1 + Rh/Rd 
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SSI 32R2300/2300R/2301/2301R 
+3.3V/5.0V, 2, 4-Channel 
2-Terminal Read/Write Device 



1 



Where: 

Rh = Head resistance plus external wire 

resistance 
Rd = Damping resistance 

In Write mode a 350 Q damping resistor is switched in 
across the Hx, Hy ports (32R2300R only). 

VOLTAGE FAULT 

A voltage Fault detection circuit improves data security 
by disabling the write current generator during a volt- 
age fault or power startup in Read or Write mode. 

WRITE UNSAFE 

Any of the following conditions will be indicated as a 
high level on the Write Unsafe, WUS, open collector 
output. 

• WDI frequency too low 
Device in Read mode 
Device not selected 
No head current 

• Open head 

Head short to ground 

WUS is valid in the write current/head characteristic 
region defined by 5 < Ih • Lh < 50 mA • uH and 1 < Rh 
< 1.25/lh. After the fault condition is removed, two 
negative transitions on WDI are required to clear WUS. 
Overcurrent protection during a head short to ground is 



accomplished by placing a series resistor between 
VCC1 and VCC2. The write current driver will shut 
down when VCC1 - VCC2 > 0.3V. The resistor must be 
sized so that VCC1 - VCC2 < 0.15V in normal opera- 
tion. 

READ MODE 

The Read mode configures the SSI 32R2300/2300R 
as a low noise differential amplifier and deactivates the 
write current generator. The damping resistor is 
switched out of the circuit allowing a high impedance 
input to the read amplifier. The RDX and RDY output 
are driven by emitter followers. They should be AC 
coupled to the load. The HnX, HnY inputs are non- 
inverting to the RDX, RDY outputs. 

Note that in Idle or Write mode, the read amplifier is 
deactivated and RDX, RDY outputs become high im- 
pedance. This facilitates multiple R/W applications 
(wired-OR RDX, RDY) and minimizes voltage change 
when switching from Write to Read mode. Note also 
that the write current source is deactivated for both the 
Read and Idle mode. 

IDLE MODE 

Taking CS high selects the Idle mode which switches 
the RDX and RDY outputs into a high impedance state 
and deactivates the device. Power consumption in this 
mode is held to a minimum. 



ELECTRICAL SPECIFICATIONS 
ABSOLUTE MAXIMUM RATINGS 

Operation above maximum ratings may permanently damage the device. 



PARAMETER 


RATING 


DC Supply Voltage 


VCC1 


-0.3 to +6 VDC 




VCC2 


-0.3 to +6 VDC 


Write Current 


Iw 


30 mA 


Digital Input Voltage 


Vin 


-0.3 to VCC1 +0.3 VDC 


Head Port Voltage 


VH 


-0.3 to VCC2 +0.3 VDC 


Output Current: RDX, RDY 


10 


-10 mA 


WUS 


+8 mA 


Storage Temperature 


Tstg 


-55 to +150°C 
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SSI 32R2300/2300R/2301/2301R 
+3.3V/5.0V, 2, 4-Channel 
2-Terminal Read/Write Device 



RECOMMENDED OPERATING CONDITIONS 



PARAMETER 


RATING 


DC Supply Voltage VCC1 = VCC2 


3.3 ±10%, 5.0 ±10% VDC 


Recommended Head Load Range Lh 


0.3 - 5.0 jliH 


WUS Operating Range Iw • Lh 


5.0 - 50.0 mA • jliH 


Head Differential Load Capacitance 


25 pF max 


Ambient Operating Temperature 


- 70 °C 



DC CHARACTERISTICS 

Recommended operating conditions apply unless otherwise specified. 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


VCC1 Supply Current 


Read Mode Vcc = 3.3V ±1 0% 




19 


29 


mA 


Write Mode Vcc = 3.3V ±1 0% 




2 + 0.2 Iw 


3 + 0.3 Iw 


mA 


Idle Mode Vcc = 3.3V ±10% 




0.15 


0.27 


mA 


VCC2 Supply Current 


Read Mode Vcc = 3.3V ±10% 






0.1 


mA 


Write Mode Vcc = 3.3V ±1 0% 




1.0 + Iw 


3.0 + Iw 


mA 


Idle Mode Vcc = 3.3V ±10% 






0.01 


mA 


Power Dissipation 


Read Mode Vcc = 3.3V ±10% 




63 


105 


mW 


Write Mode Vcc = 3.3V ±1 0% 




10 + 4 • Iw 


20 + 5 • Iw 


mW 


Idle Mode Vcc = 3.3V ±1 0% 




0.5 


1 


mW 


VCC1 Supply Current 


Read Mode Vcc = 5.0V ±10% 




20 


32 


mA 


Write Mode Vcc = 5.0V ±10% 




3 + 0.2 Iw 


5 + 0.3 Iw 


mA 


Idle Mode Vcc = 5.0V ±10% 




0.25 


0.45 


mA 


VCC2 Supply Current 


Read Mode Vcc = 5.0V ±10% 






0.1 


mA 


Write Mode Vcc = 5.0V ±10% 




1.0 + Iw 


3.0 + Iw 


mA 


Idle Mode Vcc = 5.0V ±10% 






0.01 


mA 


Power Dissipation 


Read Mode Vcc = 5.0V ±10% 




100 


180 


mW 


Write Mode Vcc = 5.0V ±10% 




20 + 6 • Iw 


45 + 7.2 Iw 


mW 


Idle Mode Vcc = 5.0V ±10% 




1.25 


2.5 


mW 


DIGITAL INPUTS 


Input Low voltage (VIL) 








0.8 


VDC 


Input High Voltage (VIH) 




2.0 






VDC 


Input Low Current 


VIL = 0.4 VCC = 3.6V 


-0.4 


-.09 




mA 


VCC = 5.5 V 


-0.4 


-0.13 




mA 


Input High Current 


VIH = 2.7V 


i 





20 


MA 


WUS Output Low Voltage (VOL) 


lol = 2 mA max 




.35 


0.5 


VDC 
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SSI 32R2300/2300R/2301/2301R 
+3.3V/5.0V, 2, 4-Channel 
2-Terminal Read/Write Device 



1 



WRITE CHARACTERISTICS 

Recommended operating conditions apply unless otherwise specirfied. 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


VCC1 Fault Voltage 


Iw <r ? mA 

1 VV V* \J .Cm II l/V 




2.5 


2.75 


VDC 


Write Current Gain (Aw) 


Iw = 3 mA to 20 mA 


18.4 


20 


21.6 


mA/mA 


Write Current Gain (Aw) 


Iw = 20 mA to 25 mA 


17.0 


20 


23 


mA/mA 


Write Current Voltage (VWC) 




1.2 


1.3 


1.4 


V 


Differential Head Voltage Swing 


Open head 


4.0 


4.8 




Vpp 


Unselected Head Current 


lw>10mA 






0.02 Iw 


mA (pk) 


Iw < 1 mA 






0.2 


mA (pk) 


Head Differential Load 
Resistance (Rd) 


32R2300 


2400 


3000 


3600 


Q 


32R2300R 


250 


350 


450 


a 


WDI Pulse Width 


Vil < 0.8V, Vih > 2.0V PWH 


5 






ns 


t f = t r = 1ns PWL 


10 






ns 


Write Current Range (Iw) 




3 




25 


mA 


READ CHARACTERISTICS 

Recommended operating conditions apply unless otherwise specified. CL (RDX, RDY) < 20 pF, 
RL (RDX, RDY) = 1 k£l 


Differential Voltage Gain 


Vin = 1 mVpp @1 MHz 


160 


200 


240 


V/V 


Voltage BW -1dB 


|Zs| < 5Q, Vin = 1 mVpp 


20 


35 




MHz 


-3dB 




40 


70 




MHz 


Input Noise Voltage 


BW = 15MHz, Lh = 0, Rh = 




0.50 


0.75 


nVA/Hz 


Input Noise Current 






3 




pA/VHz 


Differential Input Capacitance 


Vin = 1 mVpp,f = 5 MHz 




9 


14 


PF 


Differential Input Resistance 


Vin = 1 mVpp, f = 5 MHz 

32R2300 


500 


750 


1800 


Q 


32R2300R 


500 


750 


1800 


Q 


Dynamic Range 


AC input voltage where gain 
falls to 90% of its small signal 
gain value, f = 5 MHz 


2 


5 




mVpp 


Common Mode Rejection Ratio 


Vin = VDC + 100 mVpp 
@5MHz 


45 


60 




dB 


Power Supply Rejection Ratio 


100 mVpp @ 5 MHz on VCC 


40 


70 




dB 


Channel Separation 


Unselected channels driven 
with Vin = VDC + 100 mVpp 


45 


60 




dB 


Output Offset Voltage 




-200 




+200 


mV 


Single Ended Output Resistance 


f = 5 MHz 




60 


100 


CI 


Output Current 


AC coupled load, RDX to RDY 


1.0 


2.0 




mA 


RDX, RDY Common Mode 
Output Voltage 




Vcc-1.0 


Vcc-1.35 


Vcc-1.70 


VDC 
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SSI 32R2300/2300R/2301/2301R 
+3.3V/5.0V, 2, 4-Channel 
2-Terminal Read/Write Device 



SWITCHING CHARACTERISTICS 

Recommended operating conditions apply unless otherwise specified. IW = 15 mA, Lh = 1 .0 uH, Rh = 30Q 
/(Data) = 5 MHz. 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


R/W Read to Write 


R/W to 90% of write current 




0.3 


1.0 


JiS 


Write to Read 


R/W to 90% of 

100 mV Read signal envelope 




0.4 


1 


US 


CS Unselect to Select 


CS to 90% of 100 mV 10 MHz 
Read signal envelope 




0.6 


2 


JUS 


Select to Unselect 


CS to 1 0% of write current 




0.1 


1 




HS0,1 to any Head 


To 90% of 100 mVIOMHz 




0.2 


■j 




WUS* Safe to Unsafe (TD1) 


Write mode, loss of WDI 
transitions; Defines max WDI 
period for WUS operation 


0.6 


2.0 


3.6 


MS 


Unsafe to Safe (TD2) 


Fault cleared: from second 
negative WDI transition 




0.2 


1.0 


MS 


WDI Frequency Range 


Valid WUS 


1.67 




25 


MHz 


Head Current 


Lh = 0,Rh = 










WDI to Ix - ly (TD3) 


from 50% points 




25 


40 


ns 


Asymmetry 


WDI has 1 ns rise/fall time 






1.5 


ns 


Rise/fall Time 


10% to 90% points 
lw=15mA, Rh = 0, Lh = 




6 


9 


ns 


lw = 15mA, Rh = 30Q, Lh = 1jjH 




14 


18 


ns 


* 5 < lw Lh < 50 mA • M.H, 1 < Rh < 1 .25/lw 



WDI 



WUS 



HEAD 
CURRENT 

(ix - ly) 



PWH 



-ih 









r—i 



\r\rv 



TD3 



FIGURE 1: Write Mode Timing Diagram 
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+3.3V/5.0V, 2, 4-Channel 
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1 



Worst Case Read Input Noise Voltage vs. Input Impedance for SSI 32R2300R 

Case 1 : IC Base sheet resistance = Maximum 
Hence, IC bias current = Minimum 





Tj = 25°C 


Tj= 110°C 


Units 


Vn (Max) 


TBD 


TBD 


nV//Hz 


Rin (Min) 


TBD 


TBD 


a 


Cin (Max) 


TBD 


TBD 


PF 



Case 2: IC Base sheet resistance = Minimum 
Hence, IC bias current = Maximum 





Tj = 25°C 


Tj = 110°C 


Units 


Vn (Max) 


TBD 


TBD 


nV//Hz 


Rin (Min) 


TBD 


TBD 


Q 


Cin (Max) 


TBD 


TBD 


PF 



PACKAGE PIN DESIGNATIONS 

(Top View) 



GND [ 1 

HOX [ 2 

HOY [ 3 

r 32R2300/ 

H1X L 4 32R2300R 

r 2 

H1Y L 5 Channels 

VCC2 [ 6 

N/C [ 7 

WUS [ 8 



] R/W 

] WC 
3 ] RDY 
2 ] RDX 
1 ] HSO 
] VCC1 
9 ] WDI 



GND [ 1 
HOX [ 2 
HOY [ 3 

H1X [ 4 

r 32R2300/ 

1 L 32R2300R 

r 4 

H2X [_ 6 channels 

H2Y [ 7 

H3X [ 8 

H3Y [ 9 

VCC2 [_ 10 



20 ] CS 

19 ] R/W 

18 ] WC 

17 ] RDY 

16 ] RDX 

15 ] HSO 

14 ] HS1 

13 ] VCC1 

12 ] WDI 

11 ] WUS 



GND [ 
N/C [ 
HOX [ 
HOY £ 4 
H1X [ 
H1Y [ 
H2X [ 
H2Y [ 
H3X [ 
H3Y [ 
N/C [ 
VCC2 [ 



24 ] CS 

23 ] R/W 

22 ] N/C 

21 ] N/C 

20 ] WC 

19 ] RDY 

Channels 18 ] RDX 

17 ] HSO 

16 ] HS1 

15 ] VCC1 

14 ] WDI 

13 ] WUS 



32R2301/ 
32R2301R 



16-Lead SOL, SON 



20-Lead SOL, VSOP 



24-Lead SOL, VSOP 



Advance Information: Indicates a product still in the design cycle, and any specifications are based on design goals only. Do not use 
for final design. 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other 
rights of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. 
Silicon Systems reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to 
verify that the data sheet is current before placing orders. 

Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680 (714) 573-6000, FAX (714) 573-6914 
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DESCRIPTION 

The SSI 32R231 0/231 OR are BiCMOS monolithic inte- 
grated circuits designed for use with two-terminal re- 
cording heads. They provide a low noise read ampli- 
fier, write current control, and data protection circuitry 
for up to four channels. The SSI 32R2310R option 
provides internal 350Q damping resistors. Damping 
resistors are switched in during Write mode and 
switched out during Read mode. The SSI 32R2310 
option does not provide a damping resistor. Power 
supply fault protection is provided by disabling the write 
current generator during power sequencing. System 
write to read recovery time is significantly improved by 
making the read channel outputs high impedance. 

The SSI 32R231 0/231 OR require only a +3.3V power 
supply and are available in a variety of packages. They 
are identical to the SSI 32R2300/2300R devices, ex- 
cept that the CS input is CMOS. This allows for lower 
idle mode power dissipation. 



SSI 32R231 0/231 OR 
+3.3V/5.0V, 2, 4-Channel 
2-Terminal Read/Write Device 



Target Specification 



January 1993 

FEATURES 

• +3.0V - 5.5V voltage supply 

• Low power 

- PD = 63 mW read mode (Norn) (@3.3V supply) 

- PD = 200 n W (Max) Idle Mode 

• High Performance: 

- Read mode gain = 200 V/V 

- Input noise = 0.50 nV/VHz (Norn) 

- Input capacitance = 9 pF (Norn) 

- Write current range = 3-25 mA 

- Head voltage swing = 4.0 Vpp min 

• Self switching damping resistance 

• Pin compatible with the SSI 32R2300/2300R 

• Write unsafe detection 

• Power supply fault protection 



BLOCK DIAGRAM 



PIN DIAGRAM 




GND [ 1 

H0X [ 2 

HOY [ 3 

H1X [ 4 

r 32R2310/ 
L 32R2310R 

r 4 

H2X L 6 Channels 

H2Y [ 7 

H3X [ 8 

H3Y [ 9 

VCC2 [ 10 



20 
19 



] CS 
] R/W 
18 ] WC 
17 ] RDY 
16 ] RDX 
15 ] HS0 
14 ] HS1 
13 ] VCC1 
12 ] WDI 
11 ] WUS 



20-Lead SOL 



CAUTION: Use handling procedures necessary 
for a static sensitive component. 
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SSI 32R231 0/231 OR 
+3.3V/5.0V, 2, 4-Channel 
2-Terminal Read/Write Device 



Target Specification: The target specification is intended as an initial disclosure of specification goals for the product. The specifications are 
based on design goals, subject to change and are not guaranteed. 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data sheet 
is current before placing orders. 

Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680 (714) 573-6000, FAX (714) 573-6914 
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SSI 32R461 OA/4611 A 

5V, 2, 4, 8-Channel Thin-Film 
SSI32R4610B 

A TDK Groups Company 5V> g Channe | Thin-Film 

Read/Write Device 

December 1992 

DESCRIPTION FEATURES 




The SSI 32R461 OA/4611 A and SSI 32R4610B are 
bipolar monolithic integrated circuits designed for use 
with two-terminal thin- film recording heads. They pro- 
vide a low noise read amplifier, write current control, and 
data protection circuitry forupto eight channels. The SSI 
32R461 OAR/461 1AR option provides internal 700Q 
damping resistors. Power supply fault protection is 
provided by disabling the write current generator during 
power sequencing. System write to read recovery time 
is significantly improved by controlling the read channel 
common mode output voltage shift in the Write mode. 
The 32R461 1 A option provides for an additional feature 
providing the user with a controllable write current 
adjustment feature. 

The SSI 32R4610B is an 8 channel device which 
improves the write unsafe performance over the SSI 
32R461 OA-8. In all other areas, performance is identical 
to the SSI 32R4610A-8. 

The SSI 32R461 0/461 1 and SSI 32R461 OB require only 
+5V power supplies and are available in a variety of 
packages. 



• 5V±10% 

• Low power 

- PD = 175 mW read mode (Nom) 

• High Performance: 

- Read mode gain = 200 V/V 

- Input noise = 0.85 nV/VHz max 

- Input capacitance = 35 pF max 

- Write current range = 10-35 mA 

• Designed for two-terminal thin-film heads 

• Programmable write current source 

• Write unsafe detection 

• Enhanced system write to read recovery time 

• Power supply fault protection 

• Head short to ground protection 



BLOCK DIAGRAM 



PIN DIAGRAM 



TT 



wus 

— Q— 



MODE 
SELECT 



"H> 



VOLTAGE 

FAULT : 
DETECTOR V 



HS0 [V 
HS1 [L 



WRITE 
UNSAFE 
DETECTOR 



X 



VCC2 



WRITE 
CURRENT 
SOURCE 



READ 
PREAMPS 
AND WRITE 
CURRENT 
SWITCHES 
<X4) 



I H0X 
I HOY 



I H1X 
I H1Y 



H2X 
H2Y 



H3X 
H3Y 



1292 -rev. 



WCADJ available on the 32R461 1 A 24-pin option only 



GND [ 
H0X [ 
HOY [ 
H1X [ 
H1Y [ 
H2X [ 
H2Y [ 
H3X [ 
H3Y [ 
VCC2 [ 



2 
3 
4 

5 32R4610A 

4 

6 Channels 



] C"S 
] R/W 
] WC 
] RDY 
] RDX 
] HS0 
] HS1 
] VCC1 
] WDI 
] WUS 



20-PIN SOL 



CAUTION: Use handling procedures necessary 
for a static sensitive component. 



SSI 32R461 OA/4611 A 

5V, 2, 4, 8-Channel Thin-Film 

SSI32R4610B 

5V, 8 Channel Thin-Film 

Read/Write Device 



CIRCUIT OPERATION 

The SSI 32R461 OA/4611 A and SSI 32R461 OB have the ability to address up to 8 two-terminal thin-film heads and 
provide write drive or read amplification. Head selection and mode control are described in Tables 2 and 3. The TTL 
inputs R/W and CS have internal pull-up resistors to prevent an accidental write condition. HSO, HS1 and HS2 have 
internal pulldowns. Internal clamp circuitry will protect the IC from a head short to ground condition in any mode. 



TABLE 1 : Mode Select 



TABLE 2: Head Select 



CS 


R/W 


Mode 








Write 





1 


Read 


1 





Idle 


1 


1 


Idle 



HS2 


HS1 


HSO 


Head 




















1 


1 





1 





2 





1 


1 


3 


1 








4 


1 





1 


5 


1 


1 





6 


1 


1 


1 


7 



PIN DESCRIPTION 



NAME 


TYPE 


DESCRIPTION 


HSO, HS1,HS2t 


I 


Head Select: selects one of four heads 


CS 


I 


Chip Select: a high inhibits the chip 


R/W t 


I 


Read/Write : a high selects Read mode 


WUS t 





Write Unsafe: a high indicates an unsafe writing condition 


WDI t 


I 


Write Data In: changes the direction of the current in the recording head 


HOX - H7X; 
HOY - H7Y 


I/O 


X, Y Head Connections 


RDX, RDY t 





X, Y Read Data: differential read data output 


WC t 




Write Current: used to set the magnitude of the write current 


WCADJ* t 




Write Current Adjust: Used to decrease the write cu rrent by a finite amount 


VCC1 


I 


+5V Supply 


VCC2 


I 


+5V Supply for Write current drivers 


GND 


I 


Ground 


*Available on 32R461 1 A 24-pin option only 
t These signals can be wire OR'ed 
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SSI 32R461 OA/4611 A 
5V, 2, 4, 8-Channel Thin-Film 
SSI 32R4610B 
5V, 8 Channel Thin-Film 
Read/Write Device 



WRITE MODE 

Taking both CS and R/W low selects Write mode which 
configures the SSI 32R461 OA/4611 A and SSI 
32R4610B as a current switch and activates the Write 
Unsafe (WUS) detector circuitry. Head current is 
toggled between the X and Y side of the selected head 
on each high to low transition of the Write Data Input 
(WDI). The WDI input pulse width requirement is am- 
plitude dependent and pull ups are recommended at 
higher data rates, please refer to the WDI pulse width 
specifications. Note that a preceding Read or Idle 
mode select initializes the Write Data Flip-Flopto pass 
write current through the "X" side of the head. The 
magnitude of the write current (0-pk) is given by: 



IW = 



K'VWC 

RWC 



RWC is connected from pin WC to GND. Note the 
actual head current Ix, y is given by: 



Ix, y = 



Iw 



1 + Rh/Rd 



Where: 



Rh = Head resistance plus external wire 

resistance 
Rd = Damping resistance 

WUS 

Any of the following conditions will be indicated as a 
high level on the Write Unsafe, WUS, open collector 
output. 

WDI frequency too low 

Device in Read mode 

Chip disabled 

No write current 

Head opened* 

Afterfault condition is removed, one negative transition 
on WDI is required to clear WUS. 

*Open head detect is not always detected on the SSI 
32R4610A-8. This circuit is improved in the SSI 
32R4610B-8. 

WCADJ 

The 32R461 1 A adds a feature which allows the user to 
adjust the Iw current by a finite amount. The WCADJ 
pin is used to adjust write currentfor write operations on 



different zones of the disk. It is used by switching a 
separate write current adjust resistor in and out on the 
WCADJ pin or by connecting a DAC to that pin to sink 
a controllable amount of current. The WCADJ pin is 
nominally biased to VCC/2. Sinking current from this 
pin to ground will divert a proportional amount of 
current from the actual head current while maintaining 
a constant current through the WC resistor and VCC. 
Allowing WCADJ to float or pulling it high will cut off the 
circuit and it will have no effect. For example, if the 
nominal head current is set to 30 mA through WC with 
WCADJ open, then for a 7.25 mA head current de- 
crease, a 10 kQ resistor would be connected from the 
WCADJ pin to ground. A TTL gate could be used as a 
switch with a small degradation in accuracy. To per- 
form the same function, a DAC could be used, by 
programming it to sink 0.25 mA from the WCADJ pin. 

Iw head (Decrease) = (29 • Vwcadj / Rwcadj) 

Where: 

VWCADJ = Voltage on WCADJ pin = VCC/2 
RWCADJ = Write current adjust setting resistor 
VOLTAGE FAULT 

A voltage fault detection circuit improves data security 
by disabling the write current generator during a volt- 
age fault or power startup regardless of mode. 

READ MODE 

The Read mode configures the SSI 32R461 OA/461 1 A 
and SSI 32R461 OB as a low noise differential amplifier 
and deactivates the write current generator. The RDX 
and RDY output are driven by emitter followers. They 
should be AC coupled to the load. The (X,Y) inputs are 
non-inverting to the (X,Y) outputs. 

Note that in Idle or Write mode, the read amplifier is 
deactivated and RDX, RDY outputs become high im- 
pedance. This facilitates multiple R/W applications 
(wired-OR RDX, RDY) and minimizes voltage drifts 
when switching from Write to Read mode. Note also 
that the write current source is deactivated for both the 
Read and Idle mode. 

IDLE MODE 

Taking CS high selects the Idle mode which switches 
the RDX and RDY outputs into a high impedance state 
and deactivates the device. Power consumption in this 
mode is held to a minimum. 
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SSI 32R461 OA/4611 A 

5V, 2, 4, 8-Channel Thin-Film 

SSI 32R4610B 

5V, 8 Channel Thin-Film 

Read/Write Device 



ELECTRICAL SPECIFICATIONS 



ABSOLUTE MAXIMUM RATINGS 

Operation above maximum ratings may permanently damage the device. 



PARAMETER 


RATING 


UNIT 


DC Supply Voltage 


VCC1 


-0.3 to +7 


VDC 




VCC2 


-0.3 to +7 


VDC 


Write Current 


IW 


80 


mA 


Digital Input Voltage 


Vin 


-0.3 to VCC1 +0.3 


VDC 


Head Port Voltage 


VH 


-0.3 to VCC2 +0.3 


VDC 


Output Current: RDX, RDY 


10 


-10 


mA 


WUS 


+12 


mA 


Storage Temperature 


Tstg 


-65 to +150 


°C 


RECOMMENDED OPERATING CONDITIONS 


DC Supply Voltage 


VCC1 


5 ±10% 


VDC 




VCC2 


5 ±10% 


VDC 


Operating Junction Temperature 


Tj 


+25 to +110 


°C 


DC CHARACTERISTICS 

Recommended operating conditions apply unless otherwise specified. 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


VCC1 Supply Current 


Read Mode 


(Vcc ±5%) 


23 


28 


33 


mA 






(Vcc±10%) 


19 


28 


37 


mA 




Write Mode 


(Vcc ±5%) 


21 


24 


27 


mA 






(Vcc ±10%) 


17 


24 


31 


mA 


*Head Select Pins 


*ldle Mode 


(Vcc ±5%) 


6 


9 


12 


mA 


(HSO, HS1, HS2) Floating 




(Vcc ±10%) 


4 


9 


14 


mA 


VCC2 Supply Current 


Read Mode 


(Vcc ±5%) 


5 


8 


11 


mA 






(Vcc ±10%) 


4 


8 


12 


mA 




Write Mode 


(Vcc ±5%) 


6 


8 + Iw 


10 + Iw 


mA 






(Vcc ±10%) 


5 


8 + Iw 


11 + Iw 


mA 




Idle Mode 


(Vcc ±5%) 


0.1 


0.2 


0.4 


mA 






(Vcc ±10%) 


0.1 


0.2 


0.5 


mA 


Power Dissipation 


Read Mode 


(Vcc ±5%) 




175 


230 


mW 






(Vcc ±10%) 






270 


mW 
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SSI 32R461 OA/4611 A 
5V, 2, 4, 8-Channel Thin-Film 
SSI 32R4610B 
5V, 8 Channel Thin-Film 
Read/Write Device 



DC CHARACTERISTICS (Continued) 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 




Write Mode (Vcc ±5%) 




150 + 4IW 


190 + 4lw 


mW 


(Vcc±10%) 






230 + 
4.4lw 


mW 


Idle Mode (Vcc ±5%) 
(Vcc ±10%) 




50 


65 
80 


mW 
mW 


VCC1 Fault Voltage 


IW < 0.2 mA 


3.8 


4.0 


4.2 


VDC 


DIGITAL INPUTS 


Input Low voltage (VIL) 








0.8 


VDC 


Input High Voltage (VIH) 




2.0 






VDC 


Input Low Current 


VIL = 0.8V 


-0.4 






mA 


Input High Current 


VIH = 2.0V 






100 


HA 


WUS Output Low Voltage (VOL) 


lol = 2 mA max 






0.5 


VDC 


WRITE CHARACTERISTICS 

Recommended operating conditions apply unless otherwise specified. 


Write Current Constant "K" 




.96 


.99 






Write Current Voltage (VWC) 




1.15 


1.25 


1.35 


V 


WCADJ Voltage 

SSI 32R4611 A/461 1AR 


Iwcadj = to .5 mA 


2.0 


VCC/2 


3.0 


VDC 


lhead(Decrease)/lwcADj 
SSI 32R4611 A/461 1AR 




26 


29 


32 


mA/mA 


Iwcadj Range 

SSI 32R4611 A/461 1AR 




0.0 




0.5 


mA 


Differential Head Voltage Swing 


Ih (p-p) • Rh not to exceed 
3.4V (Head Swing Min) 


3.4 






Vpp 


Unselected Head Current 








0.02 Iw 


mApk 


Head Differential Load 
Capacitance 








25 


PF 


Head Differential Load 
Resistance (Rd) 


SSI 32R4610A/32R4611A 


4K 






a 


SSI 32R461 0AR/32R461 1 AR 


560 


700 


950 


a 


WDI Pulse Width 
(Ref: Figure 1) 


Vil = 0.2V, Vih = 2.4V PWH 


37 






ns 


PWL 


5 






ns 


Vil = 0.2V, Vih = VCC PWH 


20 






ns 


PWL 


5 






ns 


Write Current Range (IW) 




10 




35 


mA 
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SSI 32R461 OA/4611 A 

5V, 2, 4, 8-Channel Thin-Film 

SSI 32R4610B 

5V, 8 Channel Thin-Film 

Read/Write Device 



READ CHARACTERISTICS 

Recommended operating conditions apply unless otherwise specified. CL (RDX, RDY) < 20 pF, 
RL (RDX, RDY) = 1 kii. 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


Differential Voltage Gain 


Vin = 1 mVpp @1 MHz 


160 


200 


240 


v/v 


Voltage BW -1dB 


|Zs| < 5Q, Vin = 1 mVpp 


20 


81 




MHz 


-3dB 




35 


91 




MHz 


Input Noise Voltage 


BW=15MHz, Lh = 0, Rh = 




0.6 


0.85 


nV/VHz 


Differential Input Capacitance 


Vin = 1 mVpp, f = 5 MHz 




27 


35 


PF 


Differential Input Resistance 


\/in H m \/nn £ CZ A/ll_l-r 

vin = i mvpp, j=o mhz 
SSI 32R461 OA/4611 A 


835 


2600 




Q. 


SSI 32R461 OAR/461 1AR 


360 


550 




Q. 


Dynamic Range 


AC input voltage where gain 
falls to 90% of its small signal 
gain value, / = 5 MHz 


3 


6 




mVpp 


Common Mode Rejection Ratio 


Vin = VDC + 100 mVpp 
@5MHz 


45 


80 




dB 


Power Supply Rejection Ratio 


100 mVpp @ 5 MHz on VCC 


40 


70 




dB 


Channel Separation 


Unselected channels driven 
with Vin = VDC + 100 mVpp 


45 






dB 


Output Offset Voltage 




-300 




+300 


mV 


Single Ended Output Resistance 


f = 5 MHz 






40 


Q 


Output Current 


AC coupled load, RDX to RDY 


1.4 






mA 


RDX, RDY Common Mode 
Output Voltage 




2.0 


VCC1/2 


3.5 


VDC 
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SSI 32R461 OA/4611 A 
5V, 2, 4, 8-Channel Thin-Film 
SSI 32R4610B 
5V, 8 Channel Thin-Film 
Read/Write Device 



SWITCHING CHARACTERISTICS 

Recommended operating conditions apply unless otherwise specified. IW = 20 mA, Lh = 1 .0 uH, Rh = 30Q 
/(Data) = 5 MHz. 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


P/\A/ Qoarl tn VA/rito 


n/vv io /o 01 wiiic currtJiii 




U. I 


I .u 


lis 


Write to Read 


R/W to 90% Of 

1 00 mV Rp?ifi <5i'nnal pnx/plonp 




0.5 


1 .0 




O C | lncalor>t tr» Qolont 
V/O Ullbclcul IO OclcOl 


io /o 01 wnic uurrciu or 
to 90% of 100 mV 10 MHz 




0.4 


1.0 


|IS 


Select to Unselect 


CS to 10% of write current 




0.4 


1.0 


|IS 


HS0,1 to any Head 


To 90% of 100 mVIOMHz 
Read signal envelope 




0.2 


1.0 


|IS 


WUS: Safe to Unsafe (TD1) 


Write mode, loss of WDI 
transitions. Defines maximum 
WDI period for WUS operation 


0.6 


2.0 


3.6 


|IS 


Unsafe to Safe (TD2) 


Fault cleared from first neg 
WDI transition 




0.2 


1.0 


|IS 


Head Current: 


Lh = 0, Rh = 










WDI to Ix - ly (TD3) 


from 50% points 




20 


32 


ns 


Asymmetry 


WDI has 1 ns rise/fall time 






1.0 


ns 


Rise/fall Time 


10% to 90% points 




6 


12 


ns 
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SSI 32R461 OA/4611 A 

5V, 2, 4, 8-Channel Thin-Film 

SSI32R4610B 

5V, 8 Channel Thin-Film 

Read/Write Device 



Worst Case Read Input Noise Voltage vs. Input Impedance for SSI 32R461 OAR/461 1 AR and SSI 
32R4610B 

Case 1 : IC Base sheet resistance = Maximum 
Hence, IC bias Current = Minimum 





Tj = 25°C 


Tj = 110°C 


Units 


Vn (Max) 


.7 


0.85 


nV//Hz 


Rin (Min) 


450 


475 


Q 


Cin (Max) 


28 


30 


PF 



Case 2: IC Base sheet resistance = Minimum 
Hence, IC bias Current = Maximum 





Tj = 25°C 


Tj = 110°C 


Units 


Vn (Max) 


.58 


.65 


nV//Hz 


Rin (Min) 


360 


400 


Q 


Cin (Max) 


33 


35 


PF 



Worst Case Read Input Noise Voltage vs. Input Impedance for SSI 32R461 OA/461 1 A and SSI 
32R4610B 

Case 1 : IC Base sheet resistance = Maximum 
Hence, IC bias Current = Minimum 





Tj = 25°C 


Tj = 110°C 


Units 


Vn (Max) 


.7 


0.85 


nV//Hz 


Rin (Min) 


1525 


1895 


Q. 


Cin (Max) 


28 


30 


PF 



Case 2: IC Base sheet resistance = Minimum 
Hence, IC bias Current = Maximum 





Tj = 25°C 


Tj = 110°C 


Units 


Vn (Max) 


.58 


.65 


nV//Hz 


Rin (Min) 


835 


1100 


Q 


Cin (Max) 


33 


35 


PF 
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SSI 32R461 OA/4611 A 
5V, 2, 4, 8-Channel Thin-Film 
SSI 32R4610B 
5V, 8 Channel Thin-Film 
Read/Write Device 



PACKAGE PIN DESIGNATIONS 

(Top View) 











GND [ 




20 


] CS 










HOX [ 


2 


19 


] R/W 


GND [ 




16 


] 


HOY [ 


3 


18 


] WC 


HOX [ 


2 


15 


] R/W 


H1X [ 


4 




] RDY 


HOY [ 


3 


14 


] wc 


H1Y [ 


5 


32R4610A 16 


] RDX 


H1X [ 


4 


32R4610A 13 


] RDY 


H2X [ 


6 


4 

Channels 1 5 


] HSO 


H1Y [ 


5 


2 

Channels 12 


] RDX 


H2Y [ 




14 


] HS1 


VCC2 [ 


6 


11 


] HSO 


H3X [ 


8 


13 


] VCC1 


N/C [ 




10 


] VCC1 


H3Y [ 


9 


12 


] WDI 


WUS [ 


8 


9 


] WDI 


VCC2 [ 


10 


11 


] WUS 



16-Pin SOL 20-Pin SOL, SOV 



HOX 


c 


1 


HOY 


C 


2 


H1X 


c 


3 


H1Y 


c 


4 


H2X 


t 


5 


H2Y 


q 


6 


H3X 


c 


7 


H3Y 


c 


8 


H4X 


c 


9 


H4Y 


[ 


10 


H5X 


c 


11 


H5Y 


c 


12 


H6X 


[ 


13 


H6Y 


c 


14 


H7X 


c 


15 


H7Y 


c 


16 


N/C 


[ 


17 


N/C 


[ 


18 



32R4610A 
8 

Channels 



GND 
N/C 
] CS 
] R/W 
] WC 
] RDY 
] RDX 
] HSO 
] HS1 
HS2 
VCC1 
WDI 
WUS 
N/C 
VCC2 
N/C 
N/C 
N/C 



36-Pin SOM 



GND [ 






24 


] CS 


N/C [ 


2 




23 


] R/W 


HOX [ 


3 




22 


] N/C 


HOY [ 


4 




21 


] WCADJ 


H1X [ 


5 




20 


] WC 


H1Y [ 


6 


32R4611A 


19 


] RDY 






4 




H2X [ 


7 


Channels 


18 


] RDX 


H2Y [ 


8 




17 


] HSO 


H3X [ 


9 




16 


] HS1 


H3Y [ 


10 




15 


] VCC1 


N/C [ 


11 




14 


] WDI 


VCC2 [ 


12 




13 


] WUS 



24-Pin SOL, SOV 
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SSI 32R461 OA/4611 A 

5V, 2, 4, 8-Channel Thin-Film 

SSI 32R4610B 

5V, 8 Channel Thin-Film 

Read/Write Device 



ORDERING INFORMATION 



PART DESCRIPTION 


ORDER NUMBER 


PACKAGE MARK 


SSI 32R4610A 


2-Channel 16-leadSOL 


32R4610A-2CL 


32R4610A-2CL 


4-Channel 20-lead SOL 


32R4610A-4CL 


32R4610A-4CL 


4-Channel 20-lead SOV 


32R4610A-4CV 


32R4610A-4CV 


8-Channel 36-lead SOM 


32R4610A-8CM 


32R4610A-8CM 


SSI 32R461 OB Improves WUS from SSI 32R461 OA-8 


8-Channel 36-lead SOM 32R4610B-8CM 32R461 0B-8CM 


SSI 32R461 OAR Includes 700Q Resistor 


2-Channel 16-leadSOL 


32R4610AR-2CL 


32R4610AR-2CL 


4-Channel 20-lead SOL 


32R4610AR-4CL 


32R4610AR-4CL 


4-Channel 20-lead SOV 


32R4610AR-4CV 


32R4610AR-4CV 


8-Channel 36-lead SOM 


32R4610AR-8CM 


32R4610AR-8CM 


SSI 32R461 OBR Improves WUS from SSI 32R461 OAR-8 


8-Channel 36-lead SOM 


32R4610BR-8CM 


32R4610BR-8CM 


SSI 32R461 1 A Includes WCADJ Function 


4-Channel 24-lead SOL 


32R4611A-4CL 


32R4611A-4CL 


4-Channel 24-lead SOV 


32R4611A-4CV 


32R4611A-4CV 


SSI 32R461 1 AR includes 700£2 Resistor 


4-Channel 24-lead SOL 


32R4611AR-4CL 


32R4611AR-4CL 


4-Channel 24-lead SOV 


32R4611AR-4CV 


32R4611AR-4CV 



No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders. 
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DESCRIPTION 

The SSI 32P541B is a bipolar integrated circuit that 
provides all data processing necessary for detection 
and qualification of MFM or RLL encoded read signals. 

In read mode the SSI 32P541 B provides amplification 
and qualification of head preamplifier outputs. Pulse 
qualification is accomplished using level qualification 
of differentiated input zero crossings. An AGC ampli- 
fier is used to compensate for variations in head 
preamp output levels, presenting a constant input level 
to the pulse qualification circuitry. The AGC loop can 
be disabled so that a constant gain can be used for 
embedded servo decoding or other processing needs. 

In write mode the circuitry is disabled and the AGC gain 
stage input impedance is switched to a lower level to 
allow fast settling of the input coupling capacitors during 
a write to read transition. The SSI 32P541 B requires a 
+5V or +12V power supply, and is available in 28-pin 
PLCC and 24-pin SOL. 
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November 1992 

FEATURES 

• Level qualification supports high resolution 
MFM and RLL encoded data retrieval 

• Wide bandwidth AGC input amplifier 

• Standard 12V ± 10% and 5V ± 10% supplies 

• Supports embedded servo pattern decoding 

• Write to read transient suppression 

• Fast and slow AGC attack regions for fast 
transient recovery 

• Internal voltage fault indicator 

• < ±1 .0 ns pulse pairing 

• 24 Mb/s operation 
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CIRCUIT OPERATION 
READ MODE 

In the read mode (R/W input high or open) the input 
read signal is amplified and qualified using an AGC 
amplifier and pulse level qualification of the detected 
signal peaks. 

The amplified head signals are AC coupled to the IN + 
and IN - pins of the AGC amplifier that is gain controlled 
by full wave rectifying and amplifying the (DIN+ - DIN- 
) voltage level and comparing it to a reference level at 
the AGC pin. A fast attack mode, which supplies a 
1 .7 mA charging current for the capacitor at the BYP 
pin, is entered whenever the instantaneous DIN ± level 
is more than 125% of set level. Between 100% and 
125% the slow attack mode is invoked, providing 
0.18 mA of charging current. The two attack modes 
allow rapid AGC recovery from a write to read transition 
while reducing zero crossing distortion once the ampli- 
fier is in range. 

The level at the AGC pin should be set such that the 
differential voltage level at the DIN+, DIN- pins is 1 .00 
Vpp. The voltage level can be up to 2.5 Vpp at the 
OUT+ and OUT- pins which allows for up to 6 dB loss 
in any external filter connected between the OUT+, 
OUT- outputs and the DIN+, DIN- inputs. 

Av1 K V5.8 + Vt J 

Gain of the AGC section is nominally 

Where: Av1 and Av2 are initial and final amplifier 

gains. V1 , V2 are initial and final voltages 

on the BYP pin. 

Vt = (K x T)/q = 26 mV at room temperature. 

One filter for both data (DIN+, DIN- input) and clock 
(CIN+, CIN- input) paths, or a separate filter for each 
path may be used. If two filters are used, care must be 
exercised to control time delays so that each path is 
timed properly. A multi-pole Bessell filter is typically 
used for its linear phase or constant group delay 
characteristics. 

HYSTERESIS LEVEL 

In level qualification, hysteresis comparator eliminates 
errors due to low level additive noise, see Figure 4B. 



The 32P541B allows two implementations of hyster- 
esis: fixed hysteresis threshold or DIN tracking hyster- 
esis threshold. Fixed hysteresis threshold can be sim- 
ply done by a setting a DC voltage at HYS pin, such as 
from a resistor divider from VCC to GND. The hyster- 
esis threshold at the comparator can be computed as: 
Hysteresis Gain x V HYS - For high performance system 
application, however, fixed hysteresis threshold is not 
recommended. 

DIN tracking hysteresis has the advantages of shorter 
write-to-read recovery time and lower probability of 
error with input amplitude drop out. The hysteresis 
threshold is designed as a percentage of the DIN peak 
voltage. This technique can be implemented by feed- 
ing the LEVEL output, through a resistor divider net- 
work, to the HYS pin (see Figure 4b). The LEVEL 
output, amplified peak capture of DIN voltage, can be 
computed as: Level Gain x V(DIN+ - DIN-). With the 
resistor divider, a fraction of the LEVEL output is 
presented at the HYS pin. The hysteresis threshold, as 
a function of DIN, can be summarized as: Level Gain x 
Resistor Dividing Ratio x Hysteresis Gain x V(DIN+ - 
DIN-). For a typical case of 1 Vpp differential at DIN± 
input, assume equal value resistors in the divider 
network, the hysteresis threshold is 1 .95 x 0.50 x 0. 1 9 x 
1V = 0.185V. This represents 37% hysteresis on a 1 
Vpp signal. While both the Level Gain and Hysteresis 
threshold vs. HYS bear a moderate tolerance due to 
typical process variations, they inversely track each 
other to yield a much tighter hysteresis threshold in a 
closed loop. In designing the hysteresis threshold, the 
nominal Level Gain and Hysteresis Gain values should 
be used. The tolerance on DIN tracking hysteresis 
threshold is specified as the Tracking Hysteresis 
Threshold Tolerance in the specification. 

While the external resistor divider ratio determines the 
hysteresis threshold, the total resistance and the peak 
capture capacitor should be optimized for the system 
data rate. The RCtime constant must be small enough 
to allow good response to changing DIN± peak-to- 
peak, but large enough to provide a constant hyster- 
esis threshold in each level qualification. 

The filtered clock path signal is differentiated to trans- 
form signal peaks to zero-crossings which clock an 
edge-trigger circuit to provide output pulses at each 
zero-crossing. The pulses are used to clock the D-type 
flip-flop. The COUT pin is a buffered test point for 
monitoring this function. 



2-: 



-2 



SSI 32P541B 
Read Data Processor 



The differentiator function is set by an external network 
between the DIF+, DIF- pins. The transfer function is: 
Where: C = external capacitor (20 pF to 150 pF) 
AV- -2000CS 

LCs 2 +(R+92)Cs+1 

L = external inductor 
R = external resistor 
s = jco = \2id 

During normal operation the differentiator circuit clocks 
the D flip-flop on every positive and negative peak of 
the signal input to CIN+, CIN-. The D input to the flip- 
flop only changes state when the signal applied to the 
DIN+, DIN- inputs exceeds the hysteresis comparator 
threshold opposite in polarity to the previous peak that 
exceeded the threshold. 

The clocking path, then, determines signal timing and 
the data path determines validity by blocking signal 
peaks that do not exceed the hysteresis comparator 
threshold. 

The delays from CIN+, CIN- inputs to the flip-flop clock 
input and from the DIN+, DIN- inputs to the flip-flop D 
input are well matched. 



WRITE (DISABLED) MODE 

In the write or disabled mode (R/W input low) the digital 
circuitry is disabled and the AGC amplifier input imped- 
ance is reduced. In addition the AGC amplifier, gain is 
set to maximum so that the loop is in its fast attack 
mode when changing back to Read Mode. The low- 
ered input impedance facilitates more rapid settling of 
the write to read transient by reducing the time constant 
of the network between the SSI 32P541B and read/ 
write preamplifier, such as the SSI 32R512. 

Internal SSI 32P541 B timing is such that this settling is 
accomplished before the AGC loop is activated when 
going to read mode. Coupling capacitors should be 
chosen with as low a value as possible, consistent with 
bandwidth requirements, to allow more rapid settling. 

LAYOUT CONSIDERATIONS 

The SSI 32P541 B is a high gain wide bandwidth device 
that requires care in layout. The designer should keep 
analog signal lines as short as possible and well 
balanced. Use of a ground plane is recommended 
along with supply bypassing and separation of the 
SSI 32P541B and associated circuitry grounds from 
other circuits on the disk drive PCB. 

LOW VOLTAGE FAULT DETECTION 

A low voltage detection dircuit monitors both supplies 
and pulls an open collector TTL output low when either 
supply drops below their trip point. This option is 
available only in the 28-pin PLCC package. 




TABLE 1: Mode Control 



R/W 


HOLD 


MODE 


1 


1 


READ - Read amp on, AGC active, Digital section active 


1 





HOLD - Read amp on, AGC gain held constant Digital section active 





X 


WRITE - AGC gain switched to maximum, Digital section inactive, common 
mode input resistance reduced 
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PIN DESCRIPTION 



NAME 


TYPE 


DESCRIPTION 


\/cc 




o von power supply 


VDD 




i c visit jjuwci ou|>/^/iy 


AGND DGND 




Ana Inn and Dinital nrounri nin<* 


R/W 


| 


TTL comnatible read/write control Din 

III. wVI 1 ll/OUUIw 1 wUU/ ft 1 Hw vvl IU VI k/ll 1 


IN+, IN- 


| 


Analon sinnal innut nins 


OUT+ OUT- 


o 


AGC Amnlifier outnut Dins 


BYP 




The AGC timing capacitor is tied between this pin and AGND 


HOLD 


1 


TTL compatible pin that holds the AGC gain when pulled low 


AGC 


1 


Reference innut voltanp level for the AGC circuit 

1 Ivlvlvllwv IIIIm/UI V vIluMv IWVwl Ivl II Iv i\\**A \_/ V/l 1 v/ImI 1 1 


DIN4. DIN- 


1 

1 


Miiaiuy input iu u it? iiyoicicbio uuiiipctidiui 


HYS 


1 


Hysteresis level setting input to the hysteresis comparator 


I r~\ /r~i 

LtvbL 


o 


Provides rectified signal level for input to the hysteresis comparator 


DOUT 





Buffered test point for monitoring the flip-flop D input 


CIN+, CIN- 


1 


Analog input to the differentiator 


DIF+, DIF- 




Pins for external differentiating network 


COUT 





Buffered test point for monitoring the clock input to the flip-flop 


OS 




Connection for read output pulse width setting capacitor 


RD 





TTL compatible read output 


VFLT* 





Open collector output that goes low when a low power supply fault is 
detected. 



*VFLT output offered in 28-pin PLCC package only. 
ELECTRICAL SPECIFICATIONS 

Unless otherwise specified 4.5 < VCC < 5.5V, 10.8V < VDD < 13.2V, 25 °C < Tj < 135 °C. 
ABSOLUTE MAXIMUM RATINGS 

Operation above absolute maximum ratings may permanently damage the device. 



PARAMETER 


RATING 


UNIT 


5V Supply Voltage, VCC 


6 


V 


12V Supply Voltage, VDD 


14 


V 


Storage Temperature 


-65 to 150 


°c 


Lead Temperature 


260 


°c 


R/W, IN+, IN-, HOLD, VFLT 


-0.3 to VCC + 0.3 


V 


RD 


-0.3V to VCC + 0.3V or +12 


mA 


All others 


-0.3 to VDD + 0.3 


V 
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POWER SUPPLY 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


ICC - VCC Supply Current 


Outputs unloaded 






14 


mA 


IDD - VDD Supply Current 


Outputs unloaded 






70 


mA 


Pd - Power Dissipation 


Outputs unloaded, Tj = 135°C 






850 


mW 


LOGIC SIGNALS 


VIL - Input Low Voltage 




-0.3 




0.8 


V 


VIH - Input High Voltage 




2.0 






V 


ML - Input Low Current 


VIL = 0.4V 


0.0 




-0.4 


mA 


IIH - Input High Current 


VIH = 2.4V 






100 


HA 


VOL - Output Low Voltage 


IOL = 4.0 mA 






0.4 


V 


VOH - Output High Voltage 


IOH = -400 [LA 


2.4 






V 


MODE CONTROL 


Read to Write Transition Time 








1.0 


US 


Write to Read Transition Time 


AGC settling not included, 
transition to high input 
resistance 


1.2 




3.0 




Read to Hold Transition Time 








1.0 


US 


WRITE MODE 


Common Mode Input Impedance 
(both sides) 


R/W pin = low 




250 




a 


READ MODE 

Unless otherwise specified IN+ and IN- are AC coupled, OUT+, and OUT- are loaded differentially with > 600Q 
and each side is loaded with < 1 pF to GND, a 2000 pF capacitor is connected between BYP and GND, OUT+ 
is AC coupled to DIN+, OUT- is AC coupled to DIN-, AGC pin voltage is 2.2 VDC. 


AGO AMPLIFIER 












Differential Input Resistance 


V(IN+-IN-) = 100 mVpp 
@ 2.5 MHz 




5K 




Q 


Differential Input Capacitance 


V(IN+-IN-) = 100mVpp 
@ 2.5 MHz 






10 


PF 


Common Mode Input Impedance 


R/W pin high 




1.8 




kQ 


(both sides) 


R/W pin low 




0.25 




ka 


Minimum Gain Range 


1.0 Vpp<V(OUT+-OUT-) 
< 2.5 Vpp 


4.0 




83 


v/v 
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AGC AMPLIFIER (Continued) 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


Input Noise Voltage 


Gain set to maximum, RS = 
Bw= 15 MHz 






30 


nV/VHz 


Bandwidth 


Gain set to maximum 
-3 dB point 


30 






MHz 


Maximum Output Voltage 
Swing 


Set by AGC pin voltage 


3.0 






Vpp 


OUT+ to OUT- Pin Current 


No DC path to GND 


±3.2 






mA 


Output Resistance 




12 




32 


Q 


Output Capacitance 








15 


DF 


(DIN+ - DIN-) Input Voltage 
Swing VS AGC Input Level 


30 mVpp < V(IN+ - IN-) @ 2.5 MHz 


0.33 




0.43 


Vpp/V 


< 550 mVpp; <3> 9 MHz 


0.44 




0.69 


Vpp/V 


0.5 Vpp < V(DIN+ - DIN-) < 1.5 Vpp 










(DIN+ - DIN-) Input Voltage 
Swing Variation 


30 mVpp V(IN+ - IN-) @ 2.5 MHz 






4 


% 


< 550 mVpp AGC Fixed, <§> 9 MHz 






12 


% 


over supply & temp. @ 9 MHz 
Cold 






14 


% 


Gain Decay Time (Td) 


Vin = 300 mVpp-> 150 mVpp 
at 2.5 MHz, Vout to 90% of 
final value Figure 1a 




50 




|XS 


Gain Attack time (Ta) 


From Write to Read transition 

\n \/ru it at 1 1 n°Z. r\f final \/ali la 
IU VUUl dl I lU/o UI I II let I Value 

Vin = 400 mVpp @ 2.5 MHz. 
Figure 1b 




4 




lis 


Fast AGC Capacitor Charge 
Current 


V(DIN+- DIN-) = 1.6V 
V(AGC) = 2.2V 


1.3 




2.0 


mA 


Slow AGC Capacitor Charge 
Current 


V(DIN+ - DIN-) = 1.6V Vary 
V(AGC) until slow discharge 


0.14 




0.22 


mA 


Fast to Slow Attack Switchover 
Point 


V(DIN+-DIN-) 
V(DIN+-DIN-) Final 




1.25 






AGC Capacitor Discharge 
Current 


V(DIN+ - DIN-) = 0.0V 
Read Mode 




4.5 




MA 


Hold Mode 


-0.2 




+0.2 


HA 


CMRR (Input Referred) 


V(IN+) = V(IN-) =100mVpp 
@ 5 MHz.gain at max. 


40 






dB 


PSRR (Input Referred) 


AVCC or AVDD = 1 00 mVpp 
@ 5 MHz, gain at max. 


30 






dB 


Maximum AGC Amplifier 
Output Offset Variation 


V(IN+ - IN-) = 
Min to max gain 






200 


mV 
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HYSTERESIS COMPARATOR 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


Input Signal Range 








1.5 


Vpp 


Differential Input Resistance 


V(DIN+-DIN-) = 100 mVpp 
@ 2.5 MHz 


5 




11 


kQ 


Differential Input Capacitance 


V(DIN+-DIN-) = 100 mVpp 
@ 2.5 MHz 






6.0 


PF 


Common Mode Input Impedance 


(both sides) 




2.0 




kQ 


Comparator Offset Voltage 


HYS pinatGND,<1.5kQ 
across DIN+, DIN- 






10 


mV 


(see figure 4c) 


At DIN+ DIN- nin«; 
1V<V(HYS)<3V 


0.16 


0.19 


0.22 


V/V 


HYS Pin Input Current 


1V<V(HYS)<3V 


0.0 




-20 


ma 


Tracking Hysteresis 
Threshold Tolerance 


V (Hys) = some % of 
*V (AGC) or V (LEVEL) 
1V<V(Hys) <3V;f = 0-9 MHz 


-15 




+15 


% Peak 


Level Gain 
(see figure 4d) 


0.6 < | V(DIN+-DIN-) | 

<1 .3 Vpp, 10 kQ from LEVEL 

pin to GND 


1.7 


1.95 


2.2 


V/Vpp 


LEVEL Pin Max Output Current 




3.0 






mA 


LEVEL Pin Output Resistance 


l(LEVEL) = 0.5 mA 




180 




Q 


DOUT Pin Output Low Voltage 


0.0 < IOL < 0.5 mA 


VDD -4.0 




VDD -2.8 


V 


DOUT Pin Output High Voltage 


0.0 < IOH < 0.5 mA 


VDD -2.5 




VDD -1.8 


V 



*ln an open loop configuration where reference is V(AGC) tolerance can be slightly higher 
ACTIVE DIFFERENTIATOR 



Input Signal Range 








1.5 


Vpp 


Differential Input Resistance 


V(CIN+-CIN-) = 100 mVpp 
@ 2.5 MHz 


5.8 




11.0 


k& 


Differential Input Capacitance 


V(CIN+ - CIN-) = 100 mVpp 
@ 2.5 MHz 






6.0 


PF 


Common mode Input Impedance 


(both sides) 




2.0 




kQ 


Voltage Gain From CIN± to DIF± 


R(DIF+ to DIF-) = 2kQ 


1.7 




2.2 


V/V 


DIF+ to DIF- Pin Current 


Differentiator Impedance 
must be set so as not to clip 
signal at this current level 


±1.3 






mA 


Comparator Offset Voltage 


DIF+, DIF- are AC Coupled 






10.0 


mV 


COUT Pin Output Low Voltage 


0.0 < IOH < 0.5 mA 




VDD -3.0 




V 


COUT Pin Output Pulse voltage 
V(high) - V(low) 


0.0 < IOH < 0.5 mA 




+0.4 




V 


COUT Pin Output Pulse Width 


0.0 < IOH < 0.5 mA 




30 




ns 
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OUTPUT DATA CHARACTERISTICS (See Figure 2) 

Unless otherwise specified V(CIN+ - CIN-) = V(DIN+ - DIN-) = 1 .0 Vpp AC coupled sine wave at 2.5 MHz 
differentiating network between Dl F+ and DIF- is 1 00Q in series with 65 pF, V (Hys) = 1 .8 DC, a 33 pF capacitor 
is connected between OS and VCC, RD- is loaded with a 4 k£2 resistor to VCC and a 1 pF capacitor to GND. 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


D-Flip-Flop Set Up Time (Td1) 


Min delay from V(DIN+ DIN-) 
exceeding threshold to 
V(DIF+-DIF-) reaching 
a peak 









ns 


Propagation Delay (Td3) 








110 


ns 


Output Data Pulse Width 
Variation 


Td5 = 11.4 ns + 740-Cos 
50% - 50% 
15pF<Cos<150pF 






±15 


% 


Pulse Pairing 


|Td3-Td4| 






±1.0 


ns 


Output Rise Time 


From 0.4V to 2.4V level 






15 


ns 


Output Fall Time 


From 0.4V to 2.4V level 






9 


ns 



SUPPLY VOLTAGE FAULT DETECTION 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


VDD Fault Threshold 




9.1 




10.3 


V 


VCC Fault Threshold 




4.1 




4.4 


V 


VOL Output Low Voltage 


4.5 < VCC < 5.5V, 
IOL = 1.6 mA 






0.4 


V 




1.0 < VCC < 4.5V, 
IOL = 0.5 mA 






0.4 


V 


IOH Output High Current 








25 


MA 



Vin = 20mV VBYP = 4.1V 

11X) 

Group 9.0 

Delay (ns) — 



5.0 




3.0 



1 6 12 18 24 30 freq(MHz) 
FIGURE 1 : AGC Amplifier - Typical Group Delay Variation 
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FIGURE 2: Timing Diagram 
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400 




< READ/WRITE 

< SERVO HOLD 
- READ/WRITE 

CONTROL & WRITE 
DATA 



NOTE: Circuit traces for the 12V bypass capacitor and the AGC Hold Capacitor should be as short as possible with both capacitors returned to 
the Analog Ground Pin. 

Component values, where given, are for a 24 Mbit/s System. 
Above pin numbers are for the 28-pin PLCC package. 



FIGURE 3: Typical Read/Write Electronics Set Up 
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■ 


-) *PEAK 


+ 

V (internal) 


■ 












FULL WAVE 
RECTIFIER 






ToAGC 
Charge Pump 



T 



V( LEVEL) 



V(AGC) 



^ 150 pF; 



:r2 



V(HYS) = K% of V(LEVEL) 



>R1 



FIGURE 4a: Feed Forward Mode 




Logic '1' 



V(DIN+ - DIN-) 



HYS 



FIGURE 4b: Hysteresis Comparator Transfer Function 
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8 10 

FREQUENCY IN MHz 



MEAN 
+3 STDEV 
-3 STDEV 



FIGURE 4c: Hysteresis Gain 




MEAN 
+3 STDEV 
-3 STDEV 



6 8 10 12 

FREQUENCY IN MHz 



FIGURE 4d: Level Gain 





+15% (max) 


ForV(HYS) = 
K% of V(LEVEL) 


hreshold as a 
- DIN-) Peak 


-Typical -60% 


, Typically - 60% 


Hysteresis T 
% of V(DIN+ 


-15%(min) 


1 ► 






9 MHz Frequency 



FIGURE 5: Percentage Threshold Versus Frequency 
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CO + 



LEVEL [ 5 
AGC [6 
IN+ [7 
IN- [ 8 
flOTD" [ 9 

VDD [ 10 
COUT [ 11 



x r~i i i i i i i i i i i 

J 2 1 28 27 26 



12 13 14 15 16 17 



25 ] VFLT 
24 ] DIN- 
23 ] OUT- 
22 ] OUT+ 
21 ] AGND 
20 ] BYP 
19 ] DGND 



28-Lead PLCC 



CAUTION: Use handling procedures necessary 
for a static sensitive component. 



PACKAGE PIN DESIGNATIONS 

(Top View) 




24-Lead SOL 

THERMAL CHARACTERISTICS: 6ja 



24-Lead SOL 


80°C/W 


28-Lead PLCC 


65°C/W 



ORDERING INFORMATION 



PART DESCRIPTION 


ORDERING NUMBER 


PACKAGE MARK 


SSI 32P541B Read Data Processor 






28-Lead PLCC 


SSI 32P541B-CH 


SSI 32P541B-CH 


24-Lead SOL 


SSI 32P541B-CL 


SSI 32P541B-CL 



No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders. 
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DESCRIPTION 

The SSI 32P544 Read Data Processor and Servo 
Demodulator has a fully integrated bipolar circuit that 
detects and validates amplitude peaks in the output 
from a disk drive read amplifier, as well as detecting 
embedded servo information to provide position error 
signals used for read head positioning. 

Time and amplitude qualif ication are used to provide a 
TTL compatible output that accurately duplicates the 
time position of input signal peaks. An AGC control 
loop, using a dual rate charge pump, provides a con- 
stant imput amplitude for the level qualifier. Level 
qualification can be implemented as a fixed threshold 
or a constant percentage that tracks signal amplitude 
that enhances qualification during AGC loop transients. 

(Continued) 
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FEATURES 

• Wide bandwidth AGC input amplifier 

• Level qualification supports MFM and RLL en- 
coded data retrieval 

• Fast and slow AGC attack and decay regions 
for fast transient recovery 

• Embedded servo channel provides servo burst 
capture and difference circuits 

• Local servo AGC provided based on servo 
burst output amplitude sum 

• Standard ±10%, 12V and 5V supplies 

• Write to Read transient suppression 
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1292 -rev. 
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DESCRIPTION (Continued) 

The Servo Demodulator consists of two peak detector 
channels that capture rectified servo data peaks. Buff- 
ered individual channel outputs are provided along 
with a difference output. Servo channel gain can be 
controlled by an AGC signal based on maintaining the 
amplitude of the sum of both channels. 

The circuit also provides a voltage fault flag that indi- 
cates a low voltage condition on either supply. 

The SSI 32P544 requires standard ±10% tolerance 
+5V and +12V supplies and is available in a 44-pin 
PLCC package. 



CIRCUIT OPERATION 
READ MODE 

In Read Modethe SSI 32P544 is used to process either 
data or servo signals. In the Data Read Mode the input 
signal is amplified and qualified using an AGC amplifier 
and pulse level qualification of the detected signal 
peaks. In the Servo Read Mode the input signal is 
amplified and an error signal based on amplitude 
comparison is made available. 

DATA READ MODE 

An amplified head output signal is AC coupled to the 
IN+ and IN- pins of the AGC amplifier. Gain control is 
accomplished by full wave rectifying and amplifying the 
[(DIN+) - (DIN-)] voltage level and comparing it to a 
reference voltage level at the AGC1 pin. 

Two attack modes are entered depending on the 
instantaneous level at DIN±. For DIN± levels above 
1 25% of desired level a fast attack mode is invoked that 
supplies 1 .7 mA charging current to the network on the 
BYP1 pin. Between 125% and 100% of the desired 
level the circuit enters a slow attack mode and supplies 
0.18 mA of charging current. This allows the AGC to 
rapidly recover during a write to read transition but 
reduces distortion once the AGC amplifier is in range. 

Two decay modes are available that apply a discharge 
current to the BYP1 pin network when DIN± falls below 
the desired level. An internal decay current sink will 
supply 4.0 uA of discharge current. Also, if |(DIN+) - 
(DIN-)| is above 200 mVO-pk a decay current, con- 



trolled by a resistor from BYP1 to DECAY, is switched 
in to decrease decay time. The amount of charge 
pulled from the AGC timing capacitor on each data 
pulse is: 

Qdecay = Ki(Ton + Ts)/Rdecay 

Where: 
Ki = 4.0V typ. 

Ton = Time in seconds that the data pulse at DIN± 
is greater than 200 mVop 

Ts = Switching time in seconds (<2 us, max) 

The AGC1 pin is internally biased so that the target 
differential voltage input at DIN± is 1 .0 Vpp at nominal 
conditions. The AGC1 voltage can be modif ied by tying 
a resistor between AGC1 and ground or VCC. A 
resistor to ground decreases the voltage level while a 
resistor to VCC increases it. The resultant AGC1 
voltage level is: 



Where: 




V = Voltage at AGC1 with pin open (2.2V, nom.) 
Rint = AGC1 pin input impedance (6.7 kQ, typ.) 
Rx = External resistor. 

The new DIN± input target level is nominally 0.48 Vpp/ 

VAGC1 

The AGC amplifier can swing 3.0 Vpp at OUT± which 
allows for up to 6 dB loss in any external filter between 
OUT+ and DIN±. 

Gain of the AGC amplifier is nominally: 
Av1/Av2 = e< 6 - 9 < V2 - V1 » 

Where: 

Av1 , Av2 are initial and final amplifier gains. 

V1 , V2 are initial and final voltages on the BYP1 pin. 
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The minimum output current from the AGC amplifier is 
±3.2 mA. In cases where more current is required to 
drive a low impedance load the current can be in- 
creased by connecting load resistors Ri from OUT± to 
GND, as shown below. 



out+ Q- 
out-Q- 







FILTER 


] — ] 












lout min = ±3.2 mA + (6.5/Ri) 
Where: Ri > 2 kQ 



One filter for both amplitude (DIN± input) and time 
(CIN± input) channels, or a separate f ilter for each may 
be used. If two filters are used, attention must be paid 
to time delays so that each channel is timed properly. 
A multi-pole Bessel filter is typically used for its linear 
phase or constant group delay characteristics. 

In the amplitude channel the signal is sent to a hyster- 
esis comparator. The hysteresis threshold level is set 
so that it will be tripped only by valid signal pulses and 
not by baseband noise. It can be fixed level or a fraction 
of the DIN± voltage level. 

The latter approach is accomplished by using an exter- 
nal filter/network between the LEVEL and HYS pins. 
This allows setting the AGC slow attack and decay 
times slow enough to minimize time channel distortion 
and setting a shorter time constant for the hysteresis 
level. The LEVEL pin output is a rectified and amplified 
version of DIN±, 1 .0 Vpp at DIN± results in 2.0 VO-pk 
nominally, at the LEVEL pin. A voltage divider is used 
from LEVEL to ground to set the Hysteresis threshold 
at a percentage of the peak DIN± voltage. For example, 
if DIN± is 1 .0 Vpp, then using an equal valued resistor 
divider will result in 1 .0 VO-pk at the HYS pin. This will 
result in a nominal ±0.21 0V threshold or a 42% thresh- 
old of a ±0.500V DIN± input. The capacitor is chosen 
to set an appropriate time constant. This "feed forward" 
technique speeds up transient recovery by allowing 
qualification of the input pulses while the AGC is still 
settling. This helps in the two critical areas of write to 
read and head change recovery. Some care in the 
selection of the hysteresis level time constant must be 



exercised so as to not miss pattern (resolution) induced 
lower amplitude signals. The output of the hysteresis 
comparator is the "D" input of a D-type flip-flop. The 
DOUT pin provides a buffered TTL compatible com- 
parator output signal for testing purposes or for use in 
the servo circuit if required. 

In the time channel the signal is differentiated to trans- 
form signal peaks to zero crossings which are detected 
and used to trigger a bi-directional one-shot. The one- 
shot output pulses are used as the clock input of the D 
flip-flop. The COUT pin provides the one-shot output 
for test purposes. 

The differentiator function is accomplished by an exter- 
nal network between the DIF+ and DIF- pins. The 
transfer function from CIN± to the comparator input 
(not DIF±) is: 

Av _ -1000(Abut)(Cs) 
2LCs 2 +C(R+92)s + 1 
Where: C, L, R are external passive components 

20 pF<C< 150 pF 

Abuf = Gain From CIN± to DIF± 

s = jco = j2jtf 

During normal operation, the time channel clocks the D 
flip-flop on every positive and negative peak of the 
CIN± input. The D input to the flip-flop only changes 
state when the DIN± input exceeds the hysteresis 
comparatorthreshold opposite in polarity to the previous 
threshold exceeding peak. 

The time channel, then, determines signal peak timing 
and the amplitude channel determines validity by 
blocking signal peaks that do not exceed the hysteresis 
comparator threshold. The delays in each of these 
channels to the D flip-flop inputs are well matched. 

The D flip-flop output triggers a one-shot that sets the 
RD output pulse width. Width is controlled by an 
external capacitor from the OS pin to VCC. 

SERVO READ MODE 

A position error signal (PES) is generated based on the 
relative amplitude of two servo signals, A and B. 
Several methods are made available for maintaining 
channel gain during servo signal processing. 
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SERVO READ MODE (Continued) 

Rectified servo signal peaks are captured on hold 
capacitors at the HO L DA/B pins. This is accomplished 
by pulling LATCHA or LATCHB low for a sample pe- 
riod. Additionally, a hold capacitor disc harge c ur rent of 
up to 1 .0 mA can be turned on by pulling RSTA or RSTB 
low. The discharge current is determined by a resistor 
tied between CS and ground. Its magnitude is: 

Ics « 2.6/(Rcs + 750) A, typ. 
Where : Res = resistor from CS to ground 

Outputs BURSTA/B & PES are referenced to an exter- 
nal reference applied to the VREF pin. 

As noted, several methods are used to determine 
channel gain in Servo Read Mode. These methods 
make use of the data read mode AGC loop, the servo 
AGC loop and external or fixed AGC loop gain. Two 
methods are used that control the channel gain based 
on maintaining the sum of A & B channel amplitudes. 

In one case (see Figure 1) the BYP2 pin is connected 
to the GAIN pin and the servo channel gain is deter- 
mined by the read channel gain as controlled by the 
sum of the A and B amplitudes. In this case a current 
is sourced/sinked to/fro m the ca pacitor on the GAIN/ 
BYP2 pin whenever the HOLD2 pin is pulled high. The 
current magnitude and direction is determined by: 

Ic = K4[(Ks • Vagc2) - Va(DIN)pp - Vb(DIN)pp] 
Where: 

Vagc2 = AGC2 pin voltage 

K4 = 650 nA/Vpp 

Ks = 0.39V/V 

Va/b(DIN)pp = peak to peak A or B servo pattern 
Signal voltages at DIN± 

The other case (see Figure 2) controls the ch annel by 
fixing the Read Data channel gain by taking HOLD1 
low and closing the loop about the Servo Channel AGC 
(LOCOFF is hQld low for this mode). 



HOLD2 is used to update the control voltage on the 
AGC capacitor at the BYP2 pin. This AGC function has 
a time constant defined by: 

Time Constant = Ke • Cbyp2 
Where: Ke = 1 .64 to 7.5 kQ 

Cbyp2 = BYP2 pin capacitor value in farads 



Another method (see Figure 5) uses either a fixed 
voltage at the GAIN pin to determine channel gain or a 
gain based on preamble data amplitude. In this case no 
AGC methods are used that are based on servo signal 
amplitudes. Gain, as determined by an external volt- 
age has been covered above. In the preamble method 
HOLD1 is taken tow during a preamble and the channel 
gain, determined by that necessary to maintain DIN± 
as programmed by the AGC1 voltage, is held during 
servo data processing. 

WRITE MODE 

In Write Mode the SSI 32P544 is disabled and preset 
for the following Read Mode. The digital circuitry is 
disabled, the input AGC amplifier gain is set to maxi- 
mum and the AGC amplifier input impedance is re- 
duced. 

Resetting the AGC amplifier gain and input impedance 
shortens system Write to Read recovery times. With 
the AGC gain at maximum when returning to Read 
mode the AGC loop is in fast attack mode. 

The lowered input impedance improves settling time 
by reducing the time constant of the network between 
the SSI 32P544 and a read preamplifier such as the 
SSI 32R51 OA. Write to read timing is controlled to 
maintain the reduced impedance for 1.2 to 3.0 us 
before the AGC circuitry is activated. Coupling capaci- 
tors should be chosen with as low a value as possible 
consistent with adequate bandwidth to allow more 
rapid settling. 

POWER DOWN MODE 

A power down mode is provided to reduce power 
usage during the idle periods. Taking ENABLE pin low 
selects this mode. Recovery from this state can be slow 
due to the necessity of charging external capacitors. 

LOW VOLTAGE FAULT DETECTION 

A low voltage detection circuit monitors both supplies 
and pulls an open collector TTL output low whenever 
either supply drops below their trip point. 

MODE CONTROL 

The SSI 32P544 circuit mod e is con t rolled b y the 
ENABLE, R/W, AGCMODE, HOLD1, HOLD2, and 
LOCOFF pins as shown in Table 1 . 
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Data Read Mode 

AGC active and controlled by data, Digital section 
active 

Data Read Mode, Hold 

AGC gain held constant, Digital section active. Gain 
will drift higher at rate determined by Cbypi and Hold 
mode discharge current. 

Servo Read Mode I (See Figures 1 & 3) 

The BYP2 and GAIN pins are tied together. Read 
amplifier AGC contr ol voltag e developed from sum of 
Servo signal levels. HOLD2 is toggled to update the 
control voltage after each Servo frame. 

Servo Read Mode II (See Figures 2 & 4) 

Read amplifier AGC gain held fixed (HOLD1 low) . Servo 
AGC loop activated with HOLD2 toggled to update or 
hold gain based on a constant servo signal sum. 



Servo Mode III (See Figure 5) 

Read channel gain determined by voltage on GAIN pin. 

Write 

Read amplifier input impedance reduced. BYP1 pin 
voltage pulled low to select maximum amplifier gain. 
Digital section deactivated. 

Power Down 

Circuit switched to a low current disabled mode. 

Note: When AGCMODE is switched to a low state the 
voltage at the BYP1 pin will be held subject to Hold 
mode discharge current induced drift. So, when return- 
ing to Data Read Mode, the channel gain will be the 
same as it was prior to AGCMODE switching or slightly 
higher. 



TABLE 1 : SSI 32P544 Circuit Mode Control 



ENABLE 


R/W 


AGC 
MODE 


HOLD1 


HOLD2 


LOCOFF 


READ PATH MODES 






1 


1 






Data Read Mode 






1 









Data Read Mode Hold 











1 


1 


Servo Read Mode I 














1 






1 











Servo Read Mode II 






1 





1 


















Servo Mode III 















Write 















Power Down 
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D- 
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□ 
AGC1 



READ PULSE 
OUAUFICATION 
CIRCUITRY 




□ □ 
LATCHAA TtSTOB 



-a f 



□ 

AGC2 



I 



FIGURE 1: Servo Read Mode I 
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+0.5 V 
+0.25 V 

(DIN+)-(DIN-) OV 
-0.25 V 
-0.5 V 

Vlatcha 




Vrsta 
Vlatchb 

Tds3~ 
Vrstb 



A CHANNEL 
DISCHARGE CURRENT 



B CHANNEL 
DISCHARGE CURRENT 



T 



VREF +1.7 V 
Vbursta 

VREF V 



VBURSTB 

VREF + 0.85 V 

VREF V 



VREF + 0.85 V 
Vpes VREF V 



HOLD2 
AGC AMP GAIN 



v 



FIGURE 3: Servo Read Mode I Timing Diagram 
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+0.5 V 
+0.25 V 
(DIN+)-(DIN-) V 
-0.25 V 
-0.5 V 

Vlatcha 

Vrsta 
Vlatchb 

Vrstb 



A CHANNEL 
DISCHARGE CURRENJ 

B CHANNEL 
DISCHARGE CURRENT 




z 



z 



Tds2 



T 



"Tds3 



"Tds4 



VREF+1.7 V 
Vbursta 

VREF V 



Vburstb 

VREF + 0.85 V 

VREF V 



VREF + TBD V 
Vpes VREF V 



FIGURE 4: Servo Read Mode II Timing Diagram 
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v 

t_ 



-O PES 
,_, LOCOFF 



□ □ 
LATCH A/ff RBTaTB" 



□ 
AGC2 



-□ HOLD2 



□ 
BYP2 



FIGURE 5: Servo Read Mode III 



PIN DESCRIPTION 

POWER SUPPLY AND CONTROL 



NAME 


DESCRIPTION 


vcc 


5 volt power supply. 


VDD 


12 volt power supply. 


AGND, DGND 


Analog and digital ground pins. 


R/W* 


TTL compatible read/write control pin 


ENABLE* 


TTL compatible power up control pin. A low input selects a low power state. 


VFLT 


Open collector output that goes low when a low power supply fault is detected. 


AGC GAIN STAGE 


IN+, IN- 


Analog signal input pins. 


OUT+, OUT- 


Read path AGC amplifier output pins. 


AGC1 


Reference input voltage level for the read path AGC loop. 


AGCMODE* 


TTL compatible pin that selects the AGC loop control input. A high selects BYP1 , a low 
GAIN. 


BYP1 


An AGC timing capacitor or network is tied between this pin and AGND. 


GAIN 


A voltage at this pin may be used to control AGC gain. 


DECAY 


A resistor to control the AGC loop decay time constant may be tied between this pin and 
BYP1 . 


HOLD1* 


TTL compatible control pin that holds the read path AGC loop gain constant when low. 



These inputs have internal pull-ups, so an open connection is the same as a high input. 
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PIN DESCRIPTION (Continued) 
DIGITAL PROCESSING STAGE 



NAMc 


DESCRIPTION 




Ml Idiuy llipui IU lilt? liyolcicolo UUilipaialUi. 


CIN+, CIN 


Analog input to the differentiator. 


DIF+, DIF- 


Pins for external differentiating network. 


LEVEL 


Output from full wave rectifier that may be used for input to the hysteresis-comparator. 


HYS 


Threshold setting input to the hysteresis-comparator. 


DOUT 


Buffered TTL output for monitoring the flip-flop D input. Provided for testing or servo use. 


COUT 


Test point for monitoring the flip-flop clock input. 


OS 


Connection for output pulse width setting capacitor. 


RD 


TTL compatible read output. 


SERVO BURST CAPTURE STAGE 


LATCHA, 
LATCHB 


TTL compatible inputs that switch channels A or B into peak acquisition mode when 
low. 


HOLDA, 
HOLDB 


Peak holding capacitors are tied from each of these pins to AGND. 


RSTA, 
RSTB 


TTL compatible inputs that enable discharge of Channel A or B hold capacitors when 
low. 


CS 


Hold capacitor discharge current magnitude is controlled by a resistor from this pin to 
ground. 


VREF 


Reference voltage input for servo outputs. 


AGC2 


Reference input voltage level for the servo AGC loop. 


BYP2 


An AGC timing capacitor or network is tied between this pin and AGND. 


HOLD2 


TTL compatible control pin that holds the servo AGC loop gain constant when low. 


BURSTA, 
BURSTB 


Buffered hold capacitor voltage outputs. 


PES 


Position error signal A minus B output. 


LOCOFF* 


TTL compatible input to select path for PES signal. (Local On/Off) Selects between AGC 
amp. output or A-B output. 



* These inputs have internal pull-ups, so an open connection is the same as a high input. 
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ELECTRICAL SPECIFICATIONS 
ABSOLUTE MAXIMUM RATINGS 

Operation outside these rating limits may cause permanent damage to this device. 



PARAMETER 


RATING 


UNIT 


5V Supply Voltage, VCC 


6.0 


V 


izv buppiy voltage, vdd 


14.0 


V 


Pin Voltage 

GAIN, BYP1/2, AGC1/2 LEVEL, HYS, HOLDA/B, VREF 
BURSTA/B, PES, COUT, DIF±, OUT± 


-0.3 to VDD + 0.3 


V 


Pin Voltage 

IN±, AGCMODE, HOLD1/2, ENABLE, R/W, LATCHA/B, 
RSTA/B, CS, LOCOFF, OS, CIN±, DIN± 


-0.3 to VCC + 0.3 


V 


Pin Voltage 

RD, DOUT, DECAY, VFLT 


-0.3 to VCC + 0.3 
or +12 mA 


V 


Storage Temperature 


65 to 150 


°c 


Lead Temperature (Soldering 10 sec.) 


260 


°c 



RECOMMENDED OPERATING CONDITIONS 

Currents flowing into the chip are positive. 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


VCC Supply Voltage 




4.5 


5.0 


5.5 


V 


VDD Supply Voltage 




10.8 


12.0 


13.2 


V 


Ta Ambient Temperature 









70 


°c 



ELECTRICAL CHARACTERISTICS 
POWER SUPPLY 

Recommended conditions apply unless otherwise specified. 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNITS 


ICC VCC Supply Current 


Outputs unloaded, 
ENABLE = high or open 






20 


mA 


ICC 


ENABLE = low 






17 


mA 


IDD VDD Supply Current 


Outputs unloaded, 
ENABLE = high or open 






90 


mA 


IDD 


ENABLE = low 






25 


mA 
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POWER SUPPLY (Continued) 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNITS 


Pd Power dissipation 


Tj = 145°C, ENABLE = high, 
Outputs unloaded 






1.0 


W 


ENABLE - low, 
Outputs unloaded 






0.35 


w 


LOGIC SIGNALS 


VIL Input Low Voltage 




-0.3 




0.8 


V 


VIH Input High Voltage 




2.0 




VCC+0.3 


V 


ML Input Low Current 


VIL = 0.4V 


0.0 




-0.4 


mA 


IIH Input Low Current 


VIH = 2.4V 






100 


uA 


VOL Output Low Voltage 


IOL = 4.0 mA 






0.4 


V 


VOH Output High Voltage 


IOH = 400 uA 


2.4 






V 


Output rise time 


VOH = 2.4V* 






15.0 


ns 


Output full time 


VOL = 0.4V* 






9.0 


ns 


*1 - 90%, 1 pF capacitor to DGND 
MODE CONTROL 


Enable to/from Disable 
Transition Time 


Settling time of external 
capacitors not included 
ENABLE pin high to/from low 






10 


us 


Read to Write Transition Time 


R/W pin high to low 






1.0 


us 


Write to Read 
Transition Time 


R/W pin low to high 
AGC setting not included 


1.2 




3.0 


MS 


AGC On to/from AGC Off 
Transition Time 


AGCMODE pin high 
to/from low 






2.0 


MS 


HOLD1 On to/from 
HOLD2 Off Transition Time 


HOLD1 pin high to/from low 






1.0 


MS 


HOLD2 On to HOLD2 Off 
Transition Time 


HOLD2 pin high to/from low 






1.0 


MS 
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WRITE MODE 



PARAMETER 


CONDITION 


MIN 


NOM 


MAX 


UNIT 


Common Mode Input 
Impedance 


R/W pin = low 




250 




Q 


READ MODE 












READ PATH AGC AMPLIFIER 

Unless otherwise specified, recommended operating conditions apply. Input signals are AC coupled to IN±. 
OUT± are loaded differentially with >600Q, and each side is loaded with < 1 pF to AGND, andAC coupled 
to DIN±. A 2000 pF capacitor is connected between BYP1 and AGND. AGC1 pin is open. R/W is high. 


PARAMETER 


CONDITION 


MIN 


NOM 


MAX 


UNIT 


Gain Range 


1.0Vpp<(OUT+)-(OUT-) 
< 3.0 Vpp 


4 




83 


V/V 


Output Offset Voltage 


Over entire gain range 


-400 




+400 


mV 


Maximum Output 
Voltage Swing 


Set by BYP1 pin 


3.0 






Vpp 


Differential Input Resistance 


(IN+) - (IN-) = 100 mVpp 
@ 2.5 MHz 




5.0 




kQ 


Differential Input Capacitance 


(IN+)-(IN-) = 100 mVpp 
@ 2.5 MHz 






10 


PF 


Common Mode Input 


R/W = high 




1.8 




kQ 


Impedance 


R/W = Low 




250 




a 


Input Noise Voltage 


Gain set to maximum, 
RS = 0, BW=15MHz 






30 


nV/VHz 


Bandwidth 


-3 dB bandwidth at 
maximum gain 


28 






MHz 


OUT+ to OUT- Pin Current 


No DC path to AGND 


±3.0 






mA 


Output Resistance 




20 




50 


a 


CMRR (Input Referred) 


(IN+) = (IN-) = 100 mVpp 
@ 5 MHz, gain set to max 


40 






dB 
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READ PATH AGC AMPLIFIER (Continued) 



PARAMETER 




MIN 


NOM 


MAY 


UNIT 


PSRR (Input Referred) 


VDD orVCC = 100 mVpp 
@ 5 MHz, gain set to max 


30 






dB 


Externally controlled 
Gain Constanta 

\JCl II 1 VSl/l IOICII no 

AV = K2-e (K3 * VGAIN > V/V 


K2, AGCMODE = Low 
K3, AGCMODE = Low 


.89 
1.95 




2.3 
2.64 




Gain Din Darasitic 
Input current 


AGCMODE & HOLD1 = low 


0.2 




+0.2 


uA 


(DIN+) - (DIN-) Input 

own iy vo. nuv l llipui 


30mVpp<(IN+)-(IN-) 

<" CCA m\/r»r\ 
5s OOU 111 Vpp 

0.5 Vpp < (DIN+) - (DIN-) 
<1.5 Vpp, AGCMODE & 
HOL D1 - hinh 


0.36 




0.56 


Vpp/V 


(DIN+) - (DIN-) Input Voltage 
Swing Variation 


30 mVpp<(IN+)-(IN-) 
< 550 itiVdd 






8.0 


% 


AGC1 Voltage 


AGC1 open, V (ACC1) = 2.35V 


-5 




+5 


% 


Af^f^l Dirt Inrti it ImnaHon^a 

riii input irnpeuance 




O.U 




o.o 




Fast Decay Threshold 
(DIN+) - (DIN-) 


AGCMODE = high 




±0.3 




V 


Slow AGC Capacitor Discharge 
Current 


(DIN+) - (DIN-) = 0V 
V BYP = 4.5V 




4.0 




ma 


AGC Capacitor Leakage 
Current 


AGCMODE = high, 
HOLD1 = low, 
2.5V < V BYP < 5.5V 


-0.2 




+0.2 


ma 


Slow AGC Capacitor Charge 
Current 


(DIN+) - (DIN-) = 0.75 VDC, 
vary AGC1 until slow charge 
begins 


-0.14 




-0.22 


mA 


Fast AGC Capacitor Charge 
Current 


(DIN+) - (DIN-) = 0.75 VDC, 
VAGC1 = 3.0V 


-1.3 




-2.0 


mA 


Fast to Slow Attack 
Switchover Point 


[(DIN+)-(DIN-)]- 
[(DIN+) - (DIN-)Jfinal 




0.2 




Vpp 


Gain Decay Time (Td) 
(See Figure 6a) 


(IN+) - (IN-) = 300 mVpp to 
150mVpp@2.5MHz 
DECAY pin open, (OUT+) - 
(OUT-) to 90% final value. 




50 




MS 
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READ PATH AGC AMPLIFIER (Continued) 



PARAMETER 


CONDITION 


MIN 


NOM 


MAX 


UNIT 


Gain Attack Time (Ta) 
(See Figure 6b) 


R/W = low to high 
(IN+) - (IN-) = 400 mVpp 
@ 2.5 MHz, (OUT+) - (OUT-) 
to 110% final value 




4 




MS 


HYSTERESIS COMPARATOR 

Unless otherwise specified, recommended operating conditions apply. Input (DIN+) - (DIN-) is an AC coupled, 
1 .0 Vpp, 2.5 MHz sine wave. 1 .8 VDC is applied to the HYS pin. ENABLE and R/W pins are high. 


PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


Input Signal Range 








1.5 


Vpp 


Differential Input Resistance 


(DIN+)-(DIN-) = 100 mVpp 
@ 2.5 MHz 


10 




18.0 


kil 


Differential Input Capacitance 


(DIN+) - (DIN-) = 100 mVpp 
@ 2.5 MHz 






4.0 


PF 


Common Mode Input 
Impedance (Both Sides) 




2.25 




5.0 


kQ 


Level Pin Output Voltage 
vs. (DIN+) - (DIN-) 


0.6 Vpp < (DIN+) - (DIN-) 
< 1.5 Vpp, 1 0K between 
LEVEL and AGND 


1.2 




2.2 


V/Vpp 


Level Pin Output Impedance 


Ilevel = 0.5 mA 




180 






Level pin Maximum 
Output Current 




3.0 






mA 


Hysteresis Voltage at DIN± 
vs. HYS Pin Voltage 


1 V < HYS < 3V 


0.16 




0.25 


V/V 


Hysteresis threshold margin as 
a % of V(DIN+) - (DIN-) peak 


V(HYS) = some%of 
*V(AGC) or V(LEVEL) 
1V<V(HYS)<3V 
*see Figures 8 & 9 


-15 




+15 


%Peak 


HYS Pin Current 


1 V < HYS < 3V 


0.0 




-20 


MA 


Comparator Offset Voltage 


HYS pin at AGND 
< 1.5 kQ across DIN± 






10.0 


mV 



* In an open loop configuration where reference is V(AGC) tolerance can be slightly higher. 
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ACTIVE DIFFERENTIATOR 

Unless otherwise specified, recommended operating conditions apply. Input (CIN+) - (CIN-) is an AC- 
coupled, 1 .0 Vpp, 2.5 MHz sine wave. 100£2 in series with 65 pF are tied from DIF+ to DIF-. 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


Input Signal Range 








1.5 


Vpp 


Differential Input Resistance 


(CIN+) -(CIN-) = 100 mVpp 
@ 2.5 MHz 


10 




18.0 


kQ 


Differential Input Capacitance 


(CIN+)-(CIN-) = 100 mVpp 

[£P <z.o MnZ 






4.0 


PF 


VsUMIIIIVsll IVIUUt? IlljJUl Ml l|Jt/Ucll Kst? 


DUUI olUUo 






r n 


kO 


Voltage Gain From 

CIN+ to DIF+ 


(DIF+ to DIF-) = 2kft 


1.7 




2.2 


v/v 


DIF+ to DIF- Pin Current 


Differentiator impedance 
must be set so as to not clip 
the signal for this current 
level 


±1.2 






mA 


Comparator Offset Voltage 


DIF+, DIF- are AC-coupled 






10.0 


mV 


COUT Pin Output Low Voltage 


< IOL < 0.5 mA 




VDD-3.0 




V 


COUT pin Output Pulse 
Voltage, Vhigh - Vlow 


0<IOL<0.5 mA 




0.4 




V 


COUT pin Output Pulse Width 


< IOH < 0.5 mA 




30 




ns 



v (OUT+)-(OUT-) 










J 




v (OUT+)-(OUT-) 





FIGURE 6: AGC Timing Diagram 
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OUTPUT DATA CHARACTERISTICS (See Figure 7) 

Unless otherwise specified, recommended operating conditions apply. Inputs (CIN+) - (CIN-) and (DIN+) - 
(DIN-) are in-place as a coupled, 1 .0 Vpp, 2.5 MHz sine wave. 100Q in series with 65 pF are tied from DIF+ 
to DIF-. 1 .8V is applied to the HYS pin. A 60 pF capacitor is tied between^OS and VCC. RD is loaded with a 
4 k£2 resistor to VCC and a 1 pF capacitor to DGND. ENABLE and R/W pins are high. 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


Td1 D Flip-Flop Set Up 
Time 


Minimum allowable time 
delay from (DIN+)- (DIN-) 
exceeding hysterisis 
point to (DIF+)-(DIF-) 
hitting a peak value. 









ns 


Td3 Propagation Delay 








110 


ns 


Td5 Output Pulse Width 
Variation 


Td5 = 800(Cos) <3> Vrd = 1 .4V 
50 pF < Cos < 200 pF 






±15 


% 


lTd3-Td4 1 Pulse Pairing 








1.5 


ns 




DIFFERENTIATOR 
COMPARATOR OUTPUT 



n | n n n n 

<~ Td4 

"J u 



FIGURE 7: Read Mode Digital Section Timing Diagram 
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V(DIN+-DIN-) PEAK 



V (internal) 



IT 



FULL WAVE 
RECTIFIER 



ToAGC 
Charge Pump 



V(LEVE L) 



V(AGC) 



| 150 pF; 



V(HYS) = K% of V(LEVEL) 



FIGURE 8: Feed Forward Mode 



to-* 

Si 

£± 

>- + 

<0 Q 
® ^ 



+15% (max) 



Typical ~ 60% 



-15%(min) 



For V(HYS) = 
K% of V(LEVEL) 

Typically - 60% 



9 MHz Frequency 



FIGURE 9: Percentage Threshold vs. Frequency 
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SERVO SECTION (Unless otherwise specified, recommended operating conditions apply.) 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


VREF Voltage Range 




3.9 




6.0 


V 


AGC2 Pin Voltage 


AGC2 Pin Open, 
V (AGC2) = 3.4V 


-5 




+5 


% 


AGC2 Pin Input Impedance 




5.0 




9.1 


kQ 


BURSTA/B pin Output 
Voltage vs (DIN+) - (DIN-) 


LATCHA/B = Low 

VBURSTA/B - VREF < WA/ ^ „ 

(DIN+HD1N-) = 1 - 7V/v p-p 


-6.5 




+6.5 


% 


BURSTA/B Output 
Offset Voltage 

VUUnol Vntr 


LATCHA/B = Low, 
(DIN+) = (DIN-), 

rVL/O = OO.O KLZ 


-80 




+80 


mV 


Rl 1R9TA - Rl IR^TR Ontmit 

Offset Match 


L.M 1 ilrv D — IUW 

(DIN+) = (DIN-) 


1 o 




4-1 R 


mV 


Maximum PES Pin Output 
Voltage 


uoniroiieo uy avjl^ 






O.U 


vpp 


PF^ Pin Oiitnnt Off cot X/nltano 
i LO rill v/uipui Wllocl vuiictyc 


Vpp<: - VRFF ^niMj.^ - /niNM 
Vrto - VriL_r, ^L/ll>l+/ — ^L/IIN ) 

LATCHA/B = Low 

After 30 sec. temp, stable 


en 
-ou 




tJU 


mV 


Output Resistance, BURSTA/B & 
PES pins 








20 


Q 


Hold A/B Charge Current 


LATCHA/B = Low 


25 






mA 


HOLDA/B Discharge 
Current Tolerance 


RSTA/B = Low, 

ICS = 2.6V/(RSC + 750Q) 


-15 




+15 


% 


RSTA/B = High, 
LATCHA/B = High 


-0.5 




+0.5 


ma 


Load Resistance 
BURSTA/B, PES pins 


Resistors to VREF 


10.0 






k& 


Load Capacitance 
BURSTA/B, PES pins 








20 


PF 


LATCHA/B pin set up time 


(Tds1 in Figures 3 & 4) 


150 






ns 


LATCHA/B pin Hold Time 


(Tds2 in Figures 3 & 4) 


150 






ns 


Channel A/B Discharge 
Current Turn On time 


(Tds3 in Figures 3 & 4) 






150 


ns 


Channel A/B discharge 
Current Turn Off time 


(Tds4 in Figures 3 & 4) 






150 


ns 


BYP2 Pin Parasitic Input Current 


HOLD2 = Low 
LOCOFF = Low 
LOCOFF = High 


-0.02 
-9.0 




+0.02 
+9.0 


HA 
HA 
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SERVO SECTION (Continued) 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


BYP2 Pin Charge/Discharge 
Current 

IC = K4[(K5 • VAGC2) - 

Va(din)pp - Vb(din)pp] 


K4, HOLD2 = High 


487 


650 


813 


jiA/Vpp 


Ks, HOLD2 = High 


0.35 




0.43 


V/V 


*AGC Gain Range 


LOCOFF=Low 


0.6 




6.0 


V/Vpp 


VPES pp VS. VAGC2 


VPES PP/VAGC2 

LOCOFF = Low 


1.24 


1.38 


1.52 


Vpp/V 


LOCOFF = High 


1.42 


1.5 


1.58 




VPES ppA/AGC2 

AGC2=Open 
LOCOFF = Low 


5.03 


5.3 


5.56 


Vpp 
Vpp/V 


LOCOFF = High 


5.32 


5.6 


5.88 




BURSTA/B Pin Output vs. Vagc2 


(Va + Vb - 2VREF)/Vagc2 
LOCOFF = High 




0.77 




V/V 


Va + Vb - 2VREF, 
AGC2=Open 
LOCOFF = High 




2.85 




V 


*Av = (VPES - VREF)/(Va(din)pp + Vb(din)pp) 
Supply Voltage Fault Detection 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNIT 


VDD Fault Threshold 




9.1 




10.5 


V 


VCC Fault Threshold 




4.1 




4.4 


V 


VOL Output Low 

IOH Output High Current 


4.5 < VCC < 5.5V, 
IOL = 1.6 mA 






0.4 


V 


1.0 < VCC < 4.5, 
IOL = 0.5 mA 






0.4 
25 


V 

ma 
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PACKAGE PIN DESIGNATIONS 

(Top View) 



Thermal Characteristics: 6jA 



44-lead PLCC 



60°C/W 



% i £ 

O O Q 



o a 



8 £ I 

< a a 



44 43 42 41 40 



AGND [ 




39 


] HYS 


BYP1 [ 


8 


38 


] LEVEL 


GAIN [ 


9 


37 


] DECAY 


IN+ [ 


10 


36 


] DOUT 


IN-[ 


11 


35 


] HOLDA 


VFTT [ 


12 


34 


] HOLDB 


VDD [ 


13 


33 


] CS 


HOLD2 [ 


14 


32 


] DGND 


ENABLE [ 


15 


31 


] laTcha 


LOCOFF [ 


16 


30 


] LATCH B 


HOLD1 [ 


17 


29 


] m 




18 


19 20 21 22 23 24 25 26 27 28 











DC 

r> 

CD 



S 8 5 
§ g 8 



CAUTION: Use handling procedures necessary 
for a static sensitive component. 



44-Lead PLCC 



ORDERING INFORMATION 



PART DESCRIPTION 


ORDER NO. 


PKG. MARK 


SSI 32P544 - 44-Lead PLCC 


32P544-CH 


32P544-CH 



No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders. 



Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680 (714) 573-6000, FAX (714) 573-6914 



1292 -rev. 
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DESCRIPTION 

The SSI 32P547 Read Data Processor and Servo 
Demodulator with Variable Pulse Slimming and Zone 
Filter Mux is a fully integrated bipolar circuit that detects 
and validates amplitude peaks in the output from a disk 
drive read amplifier, as well as detecting embedded 
servo information to provide position error signals used 
for read head positioning. 

Time and amplitude qualif ication are used to provide a 
PECL output that accurately duplicates the time 
position of input signal peaks. An AGC control loop, 
using a dual rate charge pump, provides a constant 
input amplitude for the level qualifier. 



December 1992 

FEATURES 

• Wide bandwidth AGC input amplifier 

• Uses standard +1 2V and +5V ± 1 0% supplies 



Level qualification supports MFM or RLL 
codes 

Servo burst capture circuit for use in 
embedded servo 

Four input differential filter MUX 

Pulse Slimming with Variable Attenuation 



BLOCK DIAGRAM 




1292 -rev. 
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CIRCUIT OPERATION 

Level qualification can be implemented as fixed thresh- 
old or a constant percentage that tracks signal ampli- 
tude that enhances qualification during AGC loop tran- 
sients. 

The Servo Demodulator consists of two peak detector 
channels that capture rectified servo data peaks. Buf- 
fered individual channel outputs are provided along 
with a difference output. 

The SSI 32P547 requires standard ±10% tolerance 
+5V and +1 2V supplies and is available in a 52-pin 
Quad PLCC package. 

MODE CONTROL 



The circuit mode is controlled by the R/W, and HOLD 
as shown in Table 1 . 

READ MODE 

The circuit is placed in the read mode when the R/W pin 
is high or open and is disabled (write mode) when the 
R/W pin is low. In the write mode the digital circuitry is 
disabled, the AGC amplifier gain is set to maximum 
and the input impedance of the input analog stage is 
reduced to allow more rapid settling of the input cou- 
pling capacitors from the read/write circuit (such as the 
SSI 32R51 OA) upon transition to the read mode. Write 
to read transition timing is controlled to allow settling of 
the coupling capacitors between the read/write circuit 
and the SSI 32P547 before the AGC circuitry is acti- 
vated when going to the read mode. Coupling capaci- 
tors should be chosen with as low a value as possible 
consistent with adequate bandwi dth to a llow for more 
rapid settling. When the R/W, and HOLD pins are high 
or open the input amplifier is in the read data AGC 
mode and gain is controlle d to ke ep a constant read 
data peak level. When the HOLD pin is pulled low the 
gain of th e analo g circuit is held at the level determined 
when the HOLD pin was high (the gain will slowly drift 
due to leakage). 

READ DATA AUTOMATIC GAIN CONTROL 
CIRCUIT 

In this mode an amplified head output signal, such as 
the output of the SSI 32R117, 32R501, or 32R510A 
read/write circuits, is AC coupled to the IN+ and IN- 
inputs. In the read mode the level at the Fx +/- pins is 



controlled by full wave rectifying the level at the sum- 
mer output and comparing it to a reference level 
supplied at the AGC pin. When the input level at the 
filter outputs is greater than 1 25% of the desired level 
as set by the AGC pin, the circuit is in afast attack mode 
and will supply about 1 .8 mA of charging current at the 
BYP pin. When the input level is between 125% and 
100% of the desired level, the circuit enters a slower 
attack mode and will supply about 0. 1 8 mA of charging 
current. This allows the AGC to rapidly recover when 
going from write to read but reduces zero crossing 
distortion once the AGC amplifier is in range. 

To reduce the effect of gain attack overshoot on settling 
time (due to offsets) a fast decay mode is entered if 
slow decay mode exceeds 1 .6 u.sec (nom). Fast decay 
discharge current is 0.8 mA and slow decay discharge 
current is 4.5 uA. 

The AGC pin is internally biased so that the level at the 
filter input pins is 0.83 Vpp. The level at the filter input 
pins can be increased by tying a resistor from the AGC 
pin to VCC or reduced by tying a resistor from the AGC 
pin to GND. 

Rx 

5V V ( 

Mint 




(5-V) Rint 




V V AGC= R1 ^R X 



V AGC- Rjnt + Rx 

Where: 

V = Voltage at AGC with pin open (2.4V, nom.) 
Rint = AGC pin input impedance (6.7 KQ, typ.) 
Rx = External resistor. 

The new DIN+/- input target level is nominally 
0.43 Vp-p/VAGc. 



= exp[6.9x(V2-Vl)] 



Gain of the AGC section in the AGC mode is approxi- 
mately: r Av1 \ 

V Av2 J 
Where: 

Av1 , Av2 are initial and final amplifier gains. V1 , V2 are 
initial and final voltages on the BYP pin. 

READ DATA PULSE SLIMMING CIRCUIT 

The Pulse Slimming Circuit uses an external delay line 
and an analog controllable Variable Attenuator to 
implement pulse slimming. Input biasing for this stage 
is accomplished by low pass filtering the signal at the 
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OUT+ pin with an on chip resistor and external capaci- 
tor tied to the INREF pin and using that signal as a 
reference to the single-ended-to-diff erential gain stage 
which follows. 

Where: R (lowpass) is the on-chip resistor = 6k& nom 

C (ext) is the external capacitor 
The ratio between the gains of the attenuated and 
non-attenuated signal paths (K) is controlled by vary- 
ing the gain of the on-chip attenuator: 

K = Av (attenuated) / Av (non-attenuated) 

= Ko-G x V (ATTEN) / VREF2_2 

Where G is the gain factor, V (ATTEN) is the voltage 

applied to the ATTEN pin. VREF2_2 is the voltage on 

the VREF2_2 pin and Ko is the value for K when 

V(ATTEN) = 0.0V. 

SELECTABLE EXTERNAL FILTER 
DRIVER/RECEIVER 

The on-chip circuitry allows four separate filters to be 
used for support of constant density recording. A filter 
is selected by using the two TTL input filter select pins; 
FILT1 , and FILT2. Filter selection is as follows: 

Fiiteri Filter 2 Channel 

FI1 

1 FI2 

1 FI3 
1 1 FI4 

READ MODE DIGITIZING SECTION 

In the data path the signal is sent to a hysteresis 
comparator. The comparator hysteresis level can be 
set at a fixed level or, with the addition of an external 
filter network, a fraction of the signal level. 

The latter approach allows setting the AGC circuit 
decay and slow attack times slow enough to minimize 
distortion of the signal going into the clocking path and 
setting a short time constant for the hysteresis level. 
Thus when switching to a head with a different output 
level or when switching from write to read the circuit is 
properly decoding data before the AGC circuit gain has 
settled to its final steady state value. The output of the 
hyst eresis c omparator is the "D" input of a D flip-flop. 
The DOUT pin provides a PECL comparator output 
digital signal for testing purposes and, if required, for 
use in the servo circuit. 



In the clocking path the signal is sent to a differentiator 
circuit whose characteristics are set by external com- 
ponents. The differentiator transfer expression from 
Fx+/- to the comparator input (which is not the DIF+/- 
output) is: 

Av= 



-2C ex RjS 



CexS <£ + C ex (Rex+2R e )S + 1 

Where: Rj= on chip resistors = 1 .0 KQ nominally; 
R e = emitter resistance seen at DIF+ or DIF- = 46 Q 
nominally; C ex = external capacitor, allowable range is 
20 pF to 150 pF; R ex = external resistor; l_e X = external 
inductor. 

The output of the differentiator circuit is sent to the edge 
trigger circuit which creates an output pulse on every 
zero crossing of the output of the differentiator. The 
output of the edge trigger is the clock input of the D flip- 
flop. During normal system operation the differentiator 
circuit clocks the D flip-flop once every positive and 
negative peak of the input signal. 

The data path D inputtothe flip-f loponly changes state 
when the signal applied to the filter inputs exceeds the 
hysteresis comparator threshold in a polarity opposite 
the polarity of the peak which last exceeded the thresh- 
old. Therefore, the clocking path determines signal 
timing and the data path blocks spurious peaks if they 
do not exceed the hysteresis comparator threshold. 
Figure 6 shows circuit operation of the digital section. 
The two digital signal path delays between the Fx+ and 
Fx- inputs to the flip-flop clock and data inputs are well 
matched. 

SERVO BURST CAPTURE SECTION 

Rectified servo data peaks are latched into the A or B 
servo cha n nels by pu lling the TTL compatible inputs 
LATCHA or LATCHB low, respectively. A chip-gener- 
ated discharge current is turned on for chan nels A or B 
by pulling the TTL compatible input RST low. The 
magnitude of this discharge current is set by a resistor 
tied to the CS pin.Outputs of the BURSTA, BURSTB, 
and PES are referenced to an externally generated 
reference applied at the VREF pin. 
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PIN DESCRIPTIONS 
POWER SUPPLY AND CONTROL 



NAME 


I/O 


DESCRIPTION 


vcc 




5 Volt power supply. 


PEVCC 




Collector of PECL emitter follower output which is to be connected to the 
5 volt power supply. 


VDD 




12 volt power supply 


AGND 




Analog ground pin 


R/W 


1 


TTL compatible read/write control pin 



AGC GAIN STAGE 



IN+.IN- 




Analog signal input pins 


OUT+ 




Transconductance output for the AGC amplifier and input to the vari- 
able attenuator 


DLYIN 




Delayed input signal to the pulse slimming amplifier 


INREF 




Reference DC voltage to the single ended to differential gain stage 


VREF2_2 




Internally generated voltage used as a reference by the external DAC 
used to control the attenuator gain 


BYP 




The AGC timing capacitor is tied between this pin and AGND 


HOLD 


I 


TTL compatible control pin which holds the input AGC amplifier AGC 
level when pulled low 


ATTEN 




An Analog input which controls the attenuation value for the Variable 
Attenuator 


AGC 




Reference input voltage for the AGC circuit 



SERVO BURST CAPTURE STAGE 



LATCHA 
LATCHB 


I 


TTL inputs which initiates capture of a servo burst 
Peak on channel A or B when pulled low 


HOLDA 
HOLDB 




Peak holding capacitors are tied from each pin to GND 


RST 


I 


TTL input which initiates discharge of channel A and B hold capacitors 
when pulled low 


CS 




Pin to control magnitude of discharge current during active discharge of 
channel A and B hold capacitors 


VREF 




Reference level for servo circuit 


BURSTA 
BURSTB 




Buffered burst peak outputs 


PES 




BURST B minus BURST A output 



2-40 



SSI 32P547 
High Performance 
Pulse Detector 



DIGITAL PROCESSING STAGE 



NAME 


I/O 


DESCRIPTION 


Flx± 
Fx± 




Differential filter I/O pins for the four external filters 


FILT1 
FILT2 


I 


TTL compatible inputs to control multiplexer for selection of 1 of 4 filters 


HYS 




Hysteresis level setting input to the hysteresis level detect comparator 


LEVEL 




Provides rectified signal level for input into the hysteresis circuit 


DOUT 





A Pseudo ECL D input into D flip-f top provided for testing or servo use 


DIF+.DIF- 




Pins for external differentiator components 


COUT 





Clock input into D flip-flop provided for testing 


OS 




Pin for external capacitor in the one shot which determines read channel 
output one-shot pulse width 


RD 





A Pseudo ECL (PECL) read output 



TABLE 1: Mode Control 



MODE 


R/W 


HOLD 


CONDITIONS 


Read/AGC 


1 


1 


Read amp on, AGC active and controlled by data, Digital 
section active 


Read/Hold 


1 





Read amp on at fixed gain, AGC level held constant 
Digital section active 


Write 







Read amp on with reduced input impedance AGC level 
pulled low, Digital section deactivated, BYP pin set for 
maximum AGC gain 



ELECTRICAL SPECIFICATIONS 
ABSOLUTE MAXIMUM RATING 

Operation above absolute maximum ratings may permanently damage the device. 



PARAMETER 


RATING 


UNITS 


+5V Supply Voltage.VCC, PEVCC 


6.0 


V 


+12V Supply Voltage, VDD 


14.0 


V 


Pin Voltage 

BYP, AGC, LEVEL, HYS, HOLD A/B, 
VREF, BURST A/B, PES, DIF+/-, Flx± 


-0.3 to VDD+0.3 


V 


Pin Voltage 

IN+/-, HOLD, R/W, RST, ATTEN, 

LATCHA/B, CS, OS, FILT1-2, 

Fx±, OUT+, DLYIN, INREF, VREF2 2 


-0.3 to VCC+0.3 


V 
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ABSOLUTE MAXIMUM RATING (continued) 



PARAMETER 


RATING 


UNITS 


RD, DOUT, COUT 


-0.3 to VCC+0.3 
or +12mA 


V 


Storage Temperature 


-65 to +150 


°c 


Lead temperature 
(soldering 10 sec) 


260 


°c 



RECOMMENDED OPERATING CONDITIONS 

Currents flowing into the chip are positive. 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


VCC Supply Voltage 




4.5 


5.0 


5.5 


V 


VDD Supply Voltage 




10.8 


12.0 


13.2 


V 


Tj Junction Temperature 




25 




145 


c 


Ta Ambient Temperature 









70 


c 



ELECTRICAL CHARACTERISTICS 
POWER SUPPLY 

Recommended conditions apply unless otherwise specified. 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


ICC VCC Supply Current 


Outputs unloaded 






50.0 


mA 


IDD VDD Supply Current 


Outputs unloaded 






80,0 


mA 


Pd Power dissipation 


Ta=70° C 
Outputs unloaded 






1.25 


W 



MODE CONTROL 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNITS 


Read-to-Write 
Transition time 


R/W Pin High -> Low 






1.0 


us 


Write to Read 
Transition time 


R/W Pin Low -> High 
AGC settling not included 


1.2 




3.0 


US 


Hold On <-> Hold off 
Transition time 


HOLD Pin High <-> Low 
R/W Pin High 






1.0 


US 
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LOGIC SIGNALS (HOLD, FILT1-2, R/W, LATCHA.B, RST Pins) 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNITS 


VIL Input Low Voltage 




-0.3 




0.8 


V 


VIH Input High Voltage 




2.0 




VCC+0.3 


V 


IIL Input Low Current 


VIL = 0.4V 


0.0 




*-0.4 


mA 


IIH Input High Current 


VIH = 2.4V 






100 


HA 



*For RST only, limit is -0.8 mA 
PECL OUTPUT: R5, 550T PINS 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNITS 


Output Low Voltage 








VCC-1.625 


V 


Output High Voltage 




VCC-1.02 






V 


Output Rise Time 


10 to 90% 






5.0 


ns 


Output Fall Time 


90 to 10% 






5.0 


ns 



*Output load is a 2.5 kQ resistor to GND, and a 5 pF capacitor to ground. 
AUTOMATIC GAIN CONTROL CIRCUIT 

All of the measurements in the AGC gain mode are made with the following conditions unless otherwise 
stated: 



1 . The circuit is in the read mode (R/W, and HOLD pins high). 

2. The circuit is connected as in Figure 5. 

3. The amplifier inputs, IN+ and IN- , are AC coupled. 

4. The OUT+ pin is loaded with 1 00 Q to Vcc and Fx+, Fx- 200Q each to Vdd (through series capacitors). 

5. A 1 000 pF capacitor is tied between BYP and GND. 

6. The AGC pin is left open. 

READ DATA MODE 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


Slow AGC Capacitor 
Discharge Current 


V(Fx+ - Fx-)=0.0 Volts Vary 
V(AGC) until slow discharge begins 




4.5 




ma 


Fast AGC Capacitor 
Discharge Current 


V(Fx+ - Fx-)=0.0 Volts Vary 
V(AGC) until fast discharge begins 




0.8 




mA 


Fast Decay Hold Off Time 


Slow Attack Threshold 
Not Reached 


0.7 


1.6 


3.0 


|IS 


AGC Capacitor 
Leakage Current 


R/W pin high, HOLD low 


-0.2 




0.2 


MA 



2-43 



SSI 32P547 

High Performance 

Pulse Detector 



ELECTRICAL CHARACTERISTICS (continued) 



READ DATA MODE (continued) 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


Slow AQC Capacitor Charge 
Current 


V(Fx+ - Fx-)=0.41 Vdc, 
Vary V(AGC) until slow 
charge begins 


-0.14 




-0.22 


mA 


Fast AGC Capacitor Charge 
Current 


V(Fx+ - Fx-)=0.8 Vdc 
Vary AGC until 
fast charge begins 


-1.3 




-2.0 


mA 


Fast -» Slow Attack Switchover 
Point 


Minimum V(Fx ±) in fast 
attack mode; Minimum 
V(Fx ±) in slow attack mode 




0.15 




V 


Gain Attack Time 
{ I a) bee rig. 1 


R/W = low -> high, changing 
Vin from 200 to 400 mVpp @ 
2.5 MHz, V(Fx±) to 110% 
of final value 




4 




JUS 


Fx+ - Fx- Input Voltage Swing vs 
AGC Input Voltage 


15mVpp< V(IN+-IN-) 

< 250mVpp, 

0.4 Vpp < V(Fx+-Fx-) 

< 1.25 Vpp, 

V(ATTEN) = V(VREF2_2) 


0.25 




0.48 


Vpp/V 


Fx+ - Fx- Input Voltage Swing 
Variation 


15mVpp< V(IN+-IN-) 

< 250mVpp 

0.4 Vpp < V(Fx+ - Fx-) 

< 1.25 Vpp 






8.0 


% 


AGC Pin Input Impedance 




5.0 




8.3 




AGC Pin Voltage 


AGC pin open 


2.28 


2.4 


2.52 


V 


AGC AMPLIFIER CHARACTERISTICS 


Gain Range 


ZLoad=100Q 


0.3 




16.5 


VA/ 


Output DC Voltage Variation 


V(IN+) = V(IN-); over actual 
gain range 






±150 


mV 


Maximum Allowable Output 
Voltage Swing on OUT+ pin 








360 


mVpp 


Differential Input Resistance 


V(IN+-IN-)=100 mVpp 
@ 2.5 MHz 




5.0 




kQ 


Differential Input Capacitance 


V(IN+-IN-)=100mVpp 
@ 2.5 MHz 






10.0 


PF 


Common Mode Input Impedance 
(Both Sides) 


R/W pin = high 




1.8 




» kQ 


R/W pin = low 




^50 






Input Noise 


Gain setto16V/V, RS = 0, 
BW=15MHz 






25 


nV 
V(HzT 



2-44 



SSI 32P547 
High Performance 
Pulse Detector 



AGC AMPLIFIER CHARACTERISTICS (continued) 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


Bandwidth 


Transconductance (lout/Vin) 
± 3 dB bandwidth, 
referenced to 2.5 MHz 


40 






MHz 


Common Mode Rejection Ratio 
(Input Referred) 


V(IN+) = V(IN-) = 100 mV, 
5 MHz, gain setto16V/V 


40 






dB 


Output DC Current on OUT+ Pin 


IN+, IN- shorted together 




4.5 




mA 


Output Impedance, OUT+ Pin 






50 




kQ. 


Output Capacitance OUT+ Pin 






5 




PF 


Allowable DC Load Resistance 
To VCC on OUT+ Pin 




88 




112 


a 


Allowable AC Load 
Impedance on OUT+ Pin 




88 




112 




Power Supply Rejection 
Ratio (input referred) 


AV(VDD) orAV(VCC) = 
100 mVpp, 5 MHz, gain set 
at16V/V 


22 






dB 



PULSE SLIMMER, EXTERNAL FILTER DRIVERS AND VARIABLE ATTENUATOR 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


Gain from OUT+ pin to (Flx+ - Fix-) 


V (ATTEN) = VREF2_2 




9 




V/V 


Kmin, minimum attenuator gain 


V(ATTEN) = VREF2_2 






0.05 




Kmax, maximum attenuator gain 


V(ATTEN) = O.OV 


0.81 








Gain Factor G Tolerance 


G(ideal) = 0.83, V(ATTEN) = 
VREF2_2 


-4 




+4 


% 


Ko Tolerance 


Ko(ideal) = 0.84, 
V(ATTEN) = O.OV 


-4 




+4 


% 


Attenuator Gain K Ratio Linearity 


0.0 < V(ATTEN) < VREF2_2 
end point method 


-0.0 




-4.5 


% 


OUT+ to INREF pin resistance 




5 




9 


kQ 


Output Voltage Ref 
VREF2_2 Pin 


lload = to -1 mA 


1.95 


2.28 


2.45 


V 


Output Voltage Resistance 
VREF2_2 Pin 


I load = -.7mA 




4 




q 


Maximum Output Voltage Swing 


Flx± 


1.25 






Vpp 
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ELECTRICAL CHARACTERISTICS (continued) 
PULSE SLIMMER AND EXTERNAL FILTER DRIVERS 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


Input Resistance DLYIN Pin 






200 




kQ 


Input Capacitance DLYIN Pin 






5 




PF 


Bandwidth referenced to 2.5 MHz 


Transconductance 
l(Flx± /V(OUT+) 


40 






MHz 


Allowable External 
DC Load Resistance 


Flx± to VDD 


190 




210 


Q. 


Power Supply Rejection Ratio 
(Input Referred) 


AV (12) or AV (5) = 100 mVpp, 
5 MHz delayline shorted 


45 






dB 


Input Resistance ATTEN Pin 






200 




ka 


Input Bias Current ATTEN Pin 






8 




MA 



READ MODE DIGITIZING SECTION 

All of the measurements in the read mode digital section are made with the following conditions unless 
otherwise stated: 

1 . The circuit is in the read mode (R/W pin is high). 

2. The summer input pins, (Fx+, Fx-) receive AC coupled 2.5 MHz, 0.83 Vpp sine wave input signal. 

3. 1 00 Q in series with 65 pF are tied between DIF+ and DIF-. 

4. A 1 .8 Vdc voltage is applied to the HYS pin. 

5. OS is tied to the 5V supply with a 60 pF capacitor, Cos. 

6. The DOUT pin is loaded with a 2.5 kQ resistor to GND and a 5 pF capacitor to GND. 

7. The RD pin is loaded with a 2.5 kQ resistor to GND and a 5 pF capacitor to GND. 

SUMMER AND BUFFER 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


Allowable Input Signal Range 


V(Fx+ - Fx-) 






1.25 


Vpp 


Differential Input Resistance 


V(Fx+ - Fx-) 
=100 mVpp DC 


10 




18 


kQ 


Differential Input Capacitance 


V(Fx+ - Fx-) 

=100 mVpp @2.5 MHz 




4.0 




PF 


Common Mode Input 
Impedance 


On all Fx+ to Fx- 
Fx+/- tied together 


2.5 




4.5 


ka 


Bandwidth referenced to 2.5 MHz 


V(DIF±)/V(Fx±) 


35 






MHz 
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HYSTERESIS COMPARATOR CIRCUIT 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


LEVEL Pin Output 
Voltage vs Fx+ - Fx- Input 
Voltage 


0.4 < V(Fx+ -Fx-) 

< 1.25 Vpp, 10 kQ 

between LEVEL pin and GND 


1.8 




3.0 


V/Vpp 


LEVEL Pin Output Impedance 


l(LEVEL) = 0.5 mA 




180 




Q 


LEVEL Pin Maximum 
Output Current 


V(Fx±) = 0.415V, 
AV(Level) <0.8 V 


3.0 






mA 


Comparator and Summer 
Offset Voltage 


HYS pin at GND, 

<1 .5 kft across Fx+,Fx-. 






30 


mV 


Input referred Hysteresis Voltage 
(at Fx+ - Fx- Pins) vs HYS Pin 
Voltage 


1 V < V(HYS) < 3 V 


0.16 




0.25 


V/V 


Hysteresis threshold tolerance as 
a % of V(Fx+ - Fx-) peak 


Set V(HYS) such that 
Hysteresis Threshold (Ideal) 
is 60% of V(Fx±), 
V(Fx±) = .415V 
(see Figures 2 & 3) 


-15 




+15 


% 


HYS Pin Input Current 


1 V < V(HYS) < 3 V 


0.0 




-20 


uA 



* In an open loop configuration where reference is V(AGC), tolerance can be slightly higher. 



DIFFERENTIATOR CIRCUIT 



Voltage Gain from Fx+/- to DIF+/- 


R(DIF+to DIF-) = 2.0kD 


2.0 




3.06 


V/V 


DIF+ to DIF- Pin Current 


Differentiator impedance must 
be set so as to not clip the 
signal for this current level 


±1.3 






mA 


Comparator Offset Voltage 


DIF+, DIF- AC coupled 
not directly measured 






10.0 


mV 


COUT Pin Output Low Voltage 


0.0 < lol < 0.5 mA 




VDD-3.0 




V 


COUT Pin Output 
Pulse Voltage Swing, 
V(high) - V(low) 


0.0 < loh < 0.5 mA 




+0.4 




V 


COUT Pin Output Pulse Width 


0.0 < loh < 0.5 mA 




30 




ns 


Required DFF Set-up Time, 
Td1 in Fig. 6 


Minimum allowable time delay 
from V(Fx+,Fx-) exceeding 
hysteresis point to 
V(DIF+,DIF-) hitting peak 
value 









ns 


Propagation Delay, Td3 in Fig. 6 








110 


ns 


Output Data Pulse 

Width at RD Pin, Td5 in Fig. 6 


Td5(ideal) = 900 x Cos 
@ V(RD) = 50% 
30 < Cos< 200 pF 






±15 


% 
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ELECTRICAL CHARACTERISTICS (continued) 



READ DIGITAL SECTION AS SYSTEM 



PARAMETER 


CONDITIONS 


M1N 


NOM 


MAX 


UNIT 


Pulse Pairing 
|Td3 - Td4| Fig. 6 


0.83 Vpp into Fx+/- pins 
at 2.5 MHz 






1.5 


ns 


0.83 Vpp into Fx+/- pins 
at 9.0 MHz 






1.0 


ns 



SERVO BURST CAPTURE CIRCUIT 

Ail of the measurements are made with the following conditions unless otherwise stated: 

1 . The circuit is connected as in Figure 5. 

2. A and B bursts are sampled onto BURSTA and BURSTB pins. 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


Allowable VREF Voltage Range 




3.9 




6.0 


V 


Rl IR*>TA Rl IR^TR 
DUnO 1 M, DUnO 1 D 

Pin Output Voltage 

vs (Fx+ - Fx-) Input Voltage 


WBURSTl-VREF 
AV= v \ bUH5> 1 ' VHth =2.6 V / Vpp 
V(Fx+-Fx-) 

LATCHA or LATCHB = Low 






4-1 1 


or 
/o 


BURSTA, BURSTB 
Output Offset Voltage 


V(BURST) - V(VREF), 
LATCHA, LATCHB Low, 
V(Fx+) m V(Fx-), RCS = 
38.3 kQ, RST low 






±60 


mV 


BURSTA - BURSTB 
Output Offset 
Voltage Match 


V(BURSTA)-V(BURSTB), 
LATCHA, LATCHB Low, 
V(Fx+) = V(Fx-) 






±15 


mV 


PES Pin Output 
Offset Voltage 


V(PES) - V(VREF), 
LATCHA, LATCHB Low, 
V(Fx+) = V(Fx-) 






±50 


mV 


PES Pin Output Voltage 
vs. Va(Fx)pp - Vb(Fx)pp 


AV= V(PES)-VREF =26V/Vpp 
Va(Fx)pp-Vb(Fx)pp HH 






±15 


% 


Output Resistance 
BURSTA, BURSTB PES pins 








20.0 


Q 


HOLDA/B Charge Current 




25 






mA 


HOLDA/B Discharge Current 


RST = Low; 

Idis = 2.6/(RCS + 750) 


-15 




+15 


% 


RST=High, 
LATCH_A/B = High 






±0.5 


MA 


Allowable Load Resistance; 
BURSTA/B,PES pins 


Resistor to VREF 


10.0 






kn 


Allowable Load Capacitance; 
BURSTA/B.PES pins 








20.0 


PF 



2-48 



SSI 32P547 
High Performance 
Pulse Detector 



SERVO BURST CAPTURE CIRCUIT (continued) 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


LATCHA/B Pin Setup Time 
(Tds1 in Fig. 2) 




150 






ns 


LATCHA/B Pin Hold Time, 
(Tds2 in Fig. 2) 




150 






ns 


Channel A/B Discharge Current 
Turn On Time (Tds3 in Fig. 2) 








150 


ns 


Channel A/B Discharge Current 
Turn Off Time (Tds4 in Fig. 2) 








150 


ns 



V0N+-IN-) 



AAAAA/ ' 



V (Fx+ - Fx-) 




FIGURE 1: AGO Timing Diagram 



*0.415V 
•10.215 V 
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-0.415 V 
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V(PES) 
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FIGURE 2: Servo Timing Diagram 
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V(Fx+ - Fx-) * PEAK Y 2 



Av = 1 .25 ± 5% 



V (internal) 




FULL WAVE 
RECTIFIER 



ToAGC 
Charge Pump 



TL 



V(LEVEL) 



V(AGC) 



"I 150 pF; 



V(HYS) = K%ofV(LEVEL) 



FIGURE 3: Feed Forward Mode 





+15% (max) 


For V(HYS) = 
K% of V(LEVEL) 


hreshold as a 
Fx-) Peak 


-Typical ~ 60% 


' Typically ~ 60% 


Hysteresis Tl 
% of V(Fx+ - 


-15%(min) 


1 ► 






9 MHz Frequency 



FIGURE 4: Percentage Threshold vs. Frequency 
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♦HYSTERESIS LEVEL 



-HYSTERESIS LEVEL 




V(B50T) 




r i i i_ 

|*-Td4 

~u u 



FIGURE 6: Read Mode Digital Section Timing Diagram 
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FIGURE 7: Expected Nominal Voltage Levels 
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PACKAGE PIN DESIGNATIONS 

(Top View) 



Thermal Characteristics: GjA 



52-lead PLCC 



55°C/W 



r ^ £! " E2 1 i 4 4 



CO CO CM CM 



FI1+C8 
FILT2 [ 9 
FILT1 C 10 
AGNDC 11 
INREF [ 12 
ATTEN [ 13 
DLYIN [ 14 
OUT+ [ 15 
VREF2_2 [ 
IN+C 
IN-[ 
VDD [ 
VCCC 



7 6 5 4 3 2 



1 52 51 50 49 48 47 . 

46pF1- 



SSI 32P547 



16 
17 
18 
19 
20 

21 22 23 24 25 26 27 28 29 30 31 32 33 

' -C3—L3— izj-tzr 



45 ]F1 + 
44 ]AGC 
43 ] DIF+ 
42 ] DIF- 
41 ]R§T 
40]T5ODT 
39 ] HYS 
38 ] LEVEL 
37 ] HOLDA 
36 ] HOLDB 
35]CS 
34 ] PEVCC 



m 



^ CD CO U. 

I — I— LU LU 

CO CO 0. cc 

oc cc > 

3 id 

m cd 



H- CO |< fcQ |Q 

D O X I fcC 

8 o o 

5 D 



52-Lead PLCC 



CAUTION: Use handling procedures necessary 
for a static sensitive component. 



ORDERING INFORMATION 



PART DESCRIPTION 


ORDER NO. 


PKG. MARK 


SSI 32P547 52-Lead PLCC 


32P547-CH 


32P547-CH 



No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders. 
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DESCRIPTION 

The SSI 32P5491 is a bipolar integrated circuit that 
provides all data processing necessary for detection 
and qualification of MFM or RLL encoded read signals. 

In read mode the SSI 32P5491 provides amplification 
and qualification of head preamplifier outputs. Pulse 
qualification is accomplished using level qualification 
of differentiated input zero crossings. An AGC amplif ier 
is used to compensate for variations in head preamp 
output levels, presenting a constant input level to the 
pulse qualification circuitry. The AGC loop can be 
disabled so that a constant gain can be used for 
embedded servo decoding or other processing needs. 

In write mode the circuitry is disabled andthe AGC gain 
stage input impedance is switched to a lower level to 
allow fast settling of the input coupling capacitors 
during a write to read transition. The SSI 32P5491 
requires a +5V power supply and is available in 28-pin 
PLCC and 24-pin SOL packages. 



Preliminary Data 



December 1992 

FEATURES 

• Level qualification supports high resolution 
MFM and RLL encoded data retrieval 

• Wide bandwidth AGC input amplifier 

• Standard +5V ± 10% supplies 

• Write to read transient suppression 

• Fast and slow AGC attack regions for fast 
transient recovery 

• < ±1 .0 ns pulse pairing 

• 24 Mbit/s operation 

• Power down mode (5 mW maximum) 

• Low power 



BLOCK DIAGRAM 



OUT+ OUT- DIN DW+ CIN- CIN+ DIF- WF+ VPA VPD 
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CIRCUIT OPERATION 
READ MODE 

In read mode (R/W input high or open) the input signal 
is amplified and qualified using an AGC amplifier and 
pulse level qualification of the detected signal peaks. 

An amplified head output signal is AC coupled to the 
IN+ and IN- pins of the AGC amplifier. Gain control is 
accomplished by full wave rectifying and amplifying the 
[(DIN+MDIN-)] voltage level and comparing it to a 
reference voltage level at the AGC pin. 

The32P5491 contains a dual rate attack charge pump. 
The value of the attack current is dependent on the 
instantaneous level at DIN±. For signal levels above 
1 25% of the desired level a fast attack mode is invoked 
that supplies a 1 .3 mA charge current to the network on 
the BYP pin. Between 1 25% and 1 00% of the desired 
level the circuit enters a slow attack mode and supplies 
0.18 mA of charge current to the BYP pin. 

Two decay modes are available and are automatically 
controlled within the device. 

Upon a switch to write mode, the device will hold the 
gain at its previous value. When the device is then 
switched back to read mode the AGC holds the gain 
and stays in a low impedance state for 0.9 [is. It then 
switches into a fast/slow attack mode if the new gain 
required is less than the previously held gain or a fast 
decay mode if the gain required is more than its 
previous value. The fast decay current is 0.1 2 mA and 
stays on for 0.9 us. After the 0.9 \xs time period the 
device stays in a steady state slow attack, slow decay 
mode. The slow decay discharge current is 4.5 |jA. 

The AGC pin is internally biased so that the target 
differential voltage input at DIN± is 1.0 Vpp under 
nominal conditions. The voltage on this pin can be 
modified by tying a resistor between AGC and GND or 
VPA. A resistor to GND decreases the voltage level, 
while a resistorto VPA increases it. The resulting AGC 
voltage level is shown in Figure 1 ; where: 

V = Voltage at AGC w/pin open (1 V, nom) 

Rint = AGC pin input impedance (4.0 kQ, typ) 

Rext = External resistor 



Rint 




FIGURE 1: AGC Voltage 

The new DIN ± input target level is nominally 1 .0 Vpp/ 
Vagc 

The maximum AGC amplifier output swing is 3.0 Vpp 
at OUT±, which allows for upto 6dB loss in any external 
filter between OUT± and DIN±. 

AGC gain is a linear function of the BYP-pin voltage 
(VBYP) as shown in Figure 2. 



Gain V/V 




80 




40 


Slope = 120/V nominal 


4 


I ^ 




2.45 
VBYP (Volts) 


FIGURE 2: AGC Gain 



In the amplitude channel the signal is sent to a hyster- 
esis comparator. The hysteresis threshold level is set 
so that it will be tripped only by valid signal pulses and 
not by baseband noise. It can be a fixed level or a 
fraction of the DIN± voltage level. 



The latter approach is accomplished by using an exter- 
nal filter/network between the LEVEL and HYS pins. 
This allows setting the AGC slow attack and decay 
times slow enough to minimize time channel distortion 
and setting a shorter time constant for the hysteresis 
level. The LEVEL pin output is a rectified and amplified 
version of DIN±, 1 .0 Vpp at DIN± results in 1 .0 VO-pk 
nominally, at the LEVEL pin. A voltage divider is used 
from LEVEL to ground to set the Hysteresis threshold 
at a percentage of the peak DIN± voltage. For example, 
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if DIN± is 1 .0 Vpp, then using an equal valued resistor 
divider will result in 0.5 Vpk at the HYS pin. This will 
result in a nominal ±0. 1 8V threshold or a 36% threshold 
of a±0.500V DIN± input. The capacitor is chosen to set 
an appropriate time constant. This "feed forward" tech- 
nique speeds up transient recovery by allowing quali- 
fication of the input pulses while the AGC is still settling. 
This helps in the two critical areas of write to read and 
head change recovery. Some care in the selection of 
the hysteresis level time constant must be exercised so 
as to not miss pattern (resolution) induced lower am- 
plitude signals. The output of the hysteresis compara- 
tor is the "D" input of a D-type flip-flop. The DOUT pin 
is a comparator output signal for testing purposes only. 

In the time channel the signal is differentiated to trans- 
form signal peaks to zero crossings which are detected 
and used to trigger a bi-directional one-shot. The one- 
shot output pulses are used as the clock input of the D 
flip-flop. The COUT pin provides the one-shot output 
for test purposes. 

The differentiator function is accomplished by an exter- 
nal network between the DIF+ and DIF- pins. The 
transfer function from CIN± to the comparator input 
(not DIF±) is: 

Av _ -3536Cs 

LCs 2 +C(R + 52)s + 1 

where: C, L, R are external passive components 
15pF<C<125 pF 

S=jC0 = j27tf 

During normal operation, the time channel clocks the D 
flip-flop on every positive and negative peak of the 
CIN± input. The D input to the flip-flop only changes 
state when the DIN± input exceeds the hysteresis 
comparator threshold opposite in polarity to the previ- 
ous threshold exceeding peak. 



The time channel, then, determines signal peak timing 
and the amplitude channel determines validity by 
blocking signal peaks that do not exceed the hysteresis 
comparator threshold. The delays in each of these 
channels to the D flip-flop inputs are well matched. 

WRITE MODE 

In Write Mode the SSI 32P5491 Pulse Detector section 
is disabled and preset for the following Read Mode. 
The digital circuitry is disabled, the input AGC amplifier 
gain is held at its previous value and the AGC amplifier 
input impedance is reduced. 

Holding the AGC amplifier gain and reducing input 
impedance shortens system Write to Read recovery 
times. 

The lowered input impedance improves settling time 
by reducing the time constant of the network between 
the SSI 32P5491 and a head preamplifier such as the 
SSI 32R2020R. Write to read timing is controlled to 
maintain the reduced impedance for 0.9 jus before the 
AGC circuitry is activated. Coupling capacitors should 
be chosen with as low a value as possible consistent 
with adequate bandwidth to allow more rapid settling. 

POWER DOWN MODE 

A power down mode is provided to re duce po wer 
usage during the idle periods. Taking PDWN low 
causes the device to go into complete shutdo wn dis- 
sipating a maximum 5 mW of power. When PDWN 
returns high, the device executes the normal Write to 
Read recovery sequence. 

MODE CONTROL 

The SS I 32P5 491 circuit mode is controlled by the 
PDWN, HOLD, and R/W pins as shown in Table 1. 
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R/W 


HOLD 


PDWN 




1 


1 


1 


Read Mode, AGC Active 


1 





1 


Read Mode AGC gain held constant* 





X 


1 


Write Mode AGC gain held constant* 
Input impedance reduced 


X 


X 





Power Down - low current disabled mode 



* AGC gain will drift at a rate determined by BYP and Hold mode discharge current. 

TABLE 1: Mode Control 

PIN DESCRIPTION 



NAME 


TYPE 


DESCRIPTION 


VPA 


| 


Analog (+5 V) power supply for pulse detector 


AGND 


I 


Analog ground pin for pulse detector block 


VPD 


I 


Digital (+5V) power supply pin 


DGND 


I 


Digital ground pin 


IN+, IN- 


I 


Analog signal input pins 


OUT+, OUT- 





Read path AGC Amplifier output pins 


DID, DIN- 


I 


Analog input to the hysteresis comparator 


CIN+, CIN- 


I 


Analog input to the differentiator 


DIF+, DIF- 


I/O 


Pins for external differentiating network 


COUT 





Test point for monitoring the flip-flop clock input 


DOUT 





Test point for monitoring the flip-flop D-input 


RD 





TTL compatible read output 


BYP 


I/O 


An AGC timing capacitor or network is tied between this pin and 
AGND1 


AGC 


I 


Reference input voltage for the read data AGC loop 


LEVEL 





Output from fullwave rectifier that may be used for input to the 
hysteresis comparator 


HYS 


I 


Hysteresis level setting input to the hysteresis comparator 


HOLD 


I 


TTL compatible pin that holds the AGC gain when pulled low 


PDWN 


I 


Low state on this pin puts the device in a low power "off" state 


R/W 


I 


Selects Read or Write mode 
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ELECTRICAL SPECIFICATIONS 

Recommended conditions apply unless otherwise specified. 

ABSOLUTE MAXIMUM RATINGS 

Operation outside these rating limits may cause permanent damage to this device. 



PARAMETER 


RATING 


5V Supply Voltage, VPA, VPD 


6.0V 


Pin Voltage (Analog pins) 


-0.3 to VPA, + 0.3V 


Pin Voltage (All others) 


-0.3 to VPD + 0.3V 
or +12 mA 


Storage Temperature 


65to150°C 


Lead Temperature (Soldering 10 sec.) 


260°C 



RECOMMENDED OPERATING CONDITIONS 

Currents flowing into the chip are positive. 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


Supply Voltage (VPA & VPD) 




4.5 


5.0 


5.5 


V 


Junction Temperature, Tj 




25 




135 


°c 


Ambient Temperature, Ta 









70 


°C 


POWER SUPPLY 


PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


IVPA Supply Current 
IVPD 


Outputs unloaded; 
PDWN = high or open 




34 


42 


mA 


Pd Power dissipation 


Ta = 25°C, outputs unloaded 




170 


230 


mW 


PDWN = low, 
Outputs unloaded 




2 


5 


mW 


LOGIC SIGNALS 


PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


VIL Input Low Voltage 




-0.3 




0.8 


V 


VIH Input High Voltage 




2.0 




VCC+0.3 


V 


IIL Input Low Current 


VIL = 0.4V 


0.0 




-0.4 


mA 


IIH Input High Current 


VIH = 2.4V 






100 


MA 


VOL Output Low Voltage 


IOL = 4.0 mA 






0.5 


V 


VOH Output High Voltage 


IOH = -400 pA 


2.4 






V 



* Output load is a 4K resistor to 5V and a 10 pF capacitor to DGND. 
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MODE CONTROL 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


Enable to/from PDWN 
Transition Time 


Settling time of external 
capacitors not included, 
pin high to/from low 




20 




\xs 


Read to Write Transition Time 


R/W pin high to low 




0.2 


1.0 


US 


Write to Read 
Transition Time 


R/W pin low to high 
AGC settling not included 


0.5 


0.9 


1.3 


|US 


HOLD On to/from HOLD Off 
Transition Time 


HOLD pin high to/from low 






1.0 


US 



READ MODE (R/W is high) 
AGC AMPLIFIER 

Unless otherwise specified, recommended operating conditions apply. Input signals are AC coupled to IN± and 
amplitude is between 25 mVpp & 250 mVpp differential. OUT± are loaded differentially with >600Q, and each 
side is loaded with < 1 pF to AGND, and AC coupled to DIN±. A 2000 pF capacitor is connected between BYP 
and AGND. AGC pin is open. 



PARAMETER 


CONDITION 


MIN 


NOM 


MAX 


UNIT 


Gain Range 


1.0 Vpp < (OUT+) - (OUT-) 
< 3.0 Vpp 


4 




80 


v/v 


Output Offset Voltage 


Over entire gain range 


-200 





+200 


mV 


Maximum Output 
Voltage Swing 


Set by BYP pin 
THD<5% 


3.0 






Vpp 


Differential Input Resistance 


(IN+)-(IN-) = 100 mVpp 
@ 2.5 MHz 




5.0 






Differential Input Capacitance 


(IN+)-(IN-) = 100 mVpp 
@ 2.5 MHz 






10 


PF 


Common Mode Input 
Impedance 


R/W = high 




1.5 






R/W = low 




160 




Q 


Input Noise Voltage 


Gain set to maximum, 
RS = 0, BW= 15 MHz 




6 


15 


nV/VHz 


Bandwidth 


-3 dB bandwidth at 
maximum gain 


32 






MHz 


OUT+ & OUT- Pin Current 


No DC path to AGND 




3 




mA 


CMRR (Input Referred) 


(IN+) = (IN-) = 100 mVpp 
@ 2.5 MHz, gain set to max 


40 






dB 


PSRR (Input Referred) 


VPA1, 2 = 100 mVpp 

@ 2.5 MHz, gain set to max 


30 






dB 
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AGC AMPLIFIER (Continued) 



PARAMETER 


CONDITION 


MIN 


NOM 


MAX 


UNIT 


(DIN+) - (DIN-) Input 
Swing vs. AGC Input 


25 mVpp < (IN+) - (IN-) 
<250mVpp, HOLD = high, 
0.5 Vpp < (DIN+) - (DIN-) 
<1.5 Vpp 


0.9 


1.0 


1.1 


Vpp/V 


(DIN+) - (DIN-) Input Voltage 
Swing Variation 


25 mVpp < (IN+)-(IN-) 
< 250 mVpp 






6.0 


% 


AGC Voltage 


AGC open 


0.8 


1.0 


1.2 


V 


AGC Pin Input Impedance 




3.5 


4.0 


5.5 


kQ 


Slow AGC Discharge Current 


(DIN+) - (DIN-) = 0V 


4 


4.5 


6 


uA 


Fast AGC Discharge Current 


Starts at 0.9 \is after R/W 
goes high, stops at 1 .8 us 
after R/W goes high 


98 


120 


150 


ma 


AGC Leakage Current 


HOLD = low 


-0.2 





+0.2 


ma 


Slow AGC Charge Current 


(DIN+) - (DIN-) = 0.8 VDC, 
vary AGC until slow charge 
begins 


-0.12 


-0.18 


-0.24 


mA 


Fast AGC Charge Current 


(DIN+) - (DIN-) = 0.8 VDC, 
Vagc = 3.0V 


-0.9 


-1.3 


-1.7 


mA 


Fast to Slow Attack 
Switchover Point 


[(DIN+)-(DIN-)] 
[(DIN + )-(DIN-)]FINAL 




125 




% 


Gain Decay Time (Td) 


(IN+)-(IN-) = 250mVppto 
125mVpp@2.5MHz, 
(OUT+) - (OUT-) to 90% final 
value 




20 




|IS 




(IN+)-(IN-) = 50mVppto 
25 mVpp at 2.5 MHz 
(OUT+) - (OUT-) to 90% 
final value 




70 




MS 


Gain Attack Time 


R/W = low to high 
(IN+) - (IN-) = 250 mVpp 
@ 2.5 MHz, (OUT+) - (OUT-) 
to 110% f inal value 




1.5 




|IS 


WRITE MODE (R/W is low) 


PARAMETER 


CONDITION 


MIN 


NOM 


MAX 


UNIT 


Common Mode Input 
Impedance 






160 




Q 
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HYSTERESIS COMPARATOR 



Unless otherwise specified, recommended operating conditions appjy. Input (DIN+) - (DIN-) is an AC coupled, 
1.0 Vpp, 2.5 MHz sine wave. 0.5 VDC is applied to the HYS pin. R/W pin is high. 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


Input Signal Range 




0.6 


1.0 


1.5 


Vpp 


Differential Input Resistance 


(DIN+)-(DIN-) = 100mVpp 
@ 2.5 MHz 


17.5 


20 


22.5 


kQ 


Differential Input Capacitance 


(DIN+)-(DIN-) = 100mVpp 
@ 2.5 MHz 






5.0 


PF 


Common Mode Input 
Impedance (Both Sides) 




3.5 


4.5 


5.5 


k£l 


Level Pin Output Voltage 
vs. (DIN+) - (DIN-) 


0.6 Vpp < (DIN+) - (DIN-) 
< 1 .5 Vpp, 10K between 
LEVEL and AGND 




1 




V/Vpp 


Level Pin Output Offset Voltage 


10 kft between level 
and AGND 




170 




mV 


Level Pin Output Impedance 


Ilevel = 0.2 mA 




330 




Q 


Level pin Maximum 
Output Current 




1.5 






mA 


Hysteresis Voltage at DIN± 
vs. HYS Pin Voltage 


0.3 V< HYS < 1.0V 




0.41 




V/V 


HYS Pin Input Current 


0.5 V< HYS < 1.5V 


0.0 




-10 


uA 


DOUT Pin Output Low Voltage 


5 kn from DOUT to GND 




VPA -2.8 




V 


DOUT Pin Output High Voltage 


5kQfrom DOUT to GND 




VPA -2.4 




V 
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ACTIVE DIFFERENTIATOR 



Unless otherwise specif ied, recommended operating conditions apply. Input (CIN+) - (CIN-) is an AC-coupled, 
1 .0 Vpp, 2.5 MHz sine wave. 100Q in series with 65 pF are tied from DIF+ to DIF-. 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


Input Signal Range 




0.6 


1.0 


1.5 


Vpp 


Differential Input Resistance 


(CIN+)-(CIN-) = 100mVpp 

(Fh 9 5 IUIM7 
\Jf £.9 ivinz. 


17.5 


20 


22.5 


kQ 


Differential Input Capacitance 


(CIN+) - (CIN-) = 100 mVpp 
@ 2.5 MHz 






5.0 


pF 


Common Mode Input Impedance 


Both sides 


3.5 


4.5 


5.5 


ka 


Voltage Gain From 
CIN±toDIF± 


(DIF+ to DIF-) = 2 kfl 




1 




V/V 


DIF+ to DIF- Pin Current 


Differentiator impedance 
must be set so as to not clip 
the signal for this current 
level 


±0.7 






mA 


COUT Pin Output Low Voltage 


5k£2from COUT to GND 




VPA -2.8 




V 


COUT Pin Output High Voltage 


5kQfrom COUT to GND 




VPA -2.4 




V 


COUT Pin Output Pulse Width 






47 




ns 



R/W- 
LowQ- 



.9us 



R/W- 
LowQ - 



Fast Discharge Switch 



.9ns 



Fast Discharge Switch 



.9ns 



(DIN+ - DIN-) 



Fast Slow 
Charge Charge 

Figure A: AGC Attack Sequence 



| Fast , Slow 
Discharge Discharge 



Figure B: AGC Decay Sequence 



FIGURE 7: AGC Timing Diagram 
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QUALIFIER TIMING 



Unless otherwise specified, recommended operating conditions apply. Inputs (CIN+) - (CIN-) and (DIN+) - 
(DIN-) are in-place as a coupled, 1 .0 Vpp, 2.5 MHz sine wave. 100Q in series with 65 pF are tied from DIF+ 
to DIF-. 05V is applied to the HYS pin. COUT and DOUT each have a 5 kQ pull-down resistor (fortest purposes 
only.) R/W pin is high. 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


Td1 D Flip-Flop Set Up 
Time 


Minimum allowable time 
delay from (DIN+) - (DIN-) 
exceeding hysterisis 
point to (DIF+) - (DIF-) 
hitting a peak value. 





6.0 




ns 


Td3 Propagation Delay 


From positive peak to RDO* 
output pulse 




30 




ns 


Td4 Propagation Delay 


From negative peak to RDO* 
output pulse 




30 




ns 


Td3-Td4 Pulse Pairing 






0.3 


1.0 


ns 


Td5 RD Output Pulse Width 


ROW pin open 


24 


32 


41 


ns 



+HYSTERESIS LEVEL 



v (CIN+)-(CIN-) 

and 0V 
V (DIN+) - (DIN-) 



-HYSTERESIS LEVEL 




V DOUT _ J 



V(DIN+-DIN-) 



DIFFERENTIATOR 
COMPARATOR OUTPUT 



v COUT 



RD" OUTPUT 




il 



1 



Jl_il_il_JL 



U LT 



FIGURE 8: Read Mode Digital Section Timing Diagram 
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PACKAGE PIN DESIGNATIONS 

(Top View) 



THERMAL CHARACTERISTICS: Qja 



DIP 

DIF+ [ 

HYS [ 
LEVEL 

AGC 
IN+ 
IN- 
HOTI5 [ 

VPA [ 
COUT 

R/W 
PDWN [ 



24 ] CIN+ 
23 ] DIN+ 
22 ] CIN- 
21 ] DIN- 
20 ] OUT- 
19 ] OUT+ 
18 ] AGND 
17 ] BYP 
16 ] DGND 
15 ] DOUT 
14 ] W 
13 ] VPD 



24-Lead SOL 



CAUTION: Use handling procedures necessary 
for a static sensitive component. 



LEVEL [ 5 
AGC [ 6 

IN+ [ 7 
IN- [ 

VPA [ 
COUT [ 



8 



24-Lead SOL 


80°C/W 


28-Lead PLCC 


65°C/W 



o ^ i z z 

Z I Q O O O 



r~i (— i n ra 
1 28 27 26 



12 13 14 15 16 17 18 

u u u 



] N/C 

] DIN- 

] OUT- 

] OUT+ 

] AGND 

] BYP 

] DGND 




28-Pin PLCC 



ORDERING INFORMATION 



PART DESCRIPTION 


ORDER NO. 


PKG. MARK 


SSI 32P5491 Pulse Detector 
24-Lead SOL 


32P5491-CL 


32P5491-CL 


28-Pin PLCC 


32P5491-CH 


32P5491-CH 



Preliminary Data: Indicates a product not completely released to production. The specifications are based on preliminary evaluations and 
are not guaranteed. Small quantities are available, and Silicon Systems should be consulted for current information. 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders. 



Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680, (714) 573-6000, FAX: (714) 573-6914 
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SSI 32P3000 

Pulse Detector with 
Programmable Filter 




DESCRIPTION 

The SSI 32P3000 is a bipolar integrated circuit that 
provides all the data processing for detection and 
qualification of encoded read signals from a head 
preamplif ier. This device can handle a NRZ data rate of 
64 Mbit/s. 

The SSI 32P3000 includes an AGC amplifier with AGC 
charge pump, a programmable 7-pole Bessel low pass 
filter, and a pulse qualification circuit. The device 
features a complete differential circuit architecture in 
the signal path, for high immunity to noise and power 
supply ripples. 

For fast write-to-read recovery, the SSI 32P3000 al- 
lows the user to contro I the low input state and AGC fast 
recovery mode independently. The AGC action can 
also be disabled for embedded servo decoding or other 
processing needs. 

Ideal for constant density recording applications, the 
SSI 32P3000 low pass f ilter has a programmable 9 - 27 
MHz bandwidth andO- 13dBboostfor pulse slimming. 
A time derivative of the read signal is also provided by 
the filter for time qualification in peak detection. 

The SSI 32P3000 requires only a +5V power supply 
and is available in a 36-pin SOM package. 



January 1993 

FEATURES 

• Compatible with 64 Mbit/s data rate operation 

• Fast attack/decay modes for rapid AGC recovery 

• Low Drift AGC hold, fast AGC recovery, and low 
AGC input impedance control signals 

• Includes programmable pulse slimming equaliza- 
tion and programmable channel filter and 
differentiator with no external filter components 

• ±0.5 ns filter group delay variation from 0.3 /c to 
/c = 27 MHz 

• Independent positive and negative threshold 
qualification to suppress error propagation 

• 0.5 ns max pulse pairing 

• +5V only operation 

• 36-pin SOM package 



BLOCK DIAGRAM 




WHS FAST 
REC 



AGND DGND VCA VCD 

1 1 l=J 



0193 - rev. 
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FUNCTIONAL DESCRIPTION 

The SSI 32P3000 Pulse Detector is designed to sup- 
port a 64 Mbit/s NRZ data rate, The signal processing 
circuits include a wide band variable gain amplifier, a 
dual-rate AGC charge pump, a programmable elec- 
tronic filter, and a pulse qualifier. 

AGC Amplifier 

The wide band AGC amplifier is to amplify the read 
signal from the read/write pre-amp to a signal level 
acceptable at the pulse qualifier. The AGC amplifier 
gain is an exponential function of the BYP voltage 
when referenced to VCA. 

V@BYP-Vr 
Av=Aoexp[( K )] (see note 1) 

AGC Actions 

The AGC loop is to maintain a constant DP/DN signal 
at the nominal level, ~1Vppd. The AGC actions are 
current charging and discharging the external BYP 
integrating capacitor. These AGC actions can be clas- 
sified into the following categories: 

Automatic 

Slow Decay 

When the DP/DN signal is below the nominal 
level, a slow decay current, Id, charges the BYP 
capacitor. The AGC amplifier gain is increased 
slowly. This slow decay current tracks with the 
bandwidth of the filter. Id « 0.008 x IFI. At T = 
27°C, the maximum Id is 4.5 \iA when the filter 
cutoff frequency is 27 MHz. 

Slow Attack 

When the DP/DN signal exceeds the nominal 
level but is below 125% of the nominal level, a 
stow attack current, Ich, discharges the BYP 
capacitor. The AGC amplifier gain is decreased. 
The slow attack current is 30 times that of the 
slow decay current. Thus, for a given BYP ca- 
pacitor, the slow attack response time is quicker 
than the slow decay response. 



Fast Attack 

When the DP/DN signal exceeds 125% of the 
nominal level, the device enters a fast attack 
mode. A fast attack current, Ichf, discharges the 
BYP capacitor. The AGC amplifier gain is quickly 
lowered. The fast attack current is seven times 
that of the slow attack current. 

User Control 

FASTREC 

When FAST REC = 1, the SSI 32P3000 enters 
the fast recovery mode. Independent of the DP/ 
DN signal level, a fast recovery current, Idf, 
charges the BYP capacitor. This fast recovery 
current magnitude is 20 times that of the slow 
decay current. The AGC amplifier gain is quickly 
raised. Meanwhile, all the above automatic AGC 
actions remain active. 



HSLD 

When HOLD = 0, all the automatic AGC actions 
and the fast recovery action are suspended. The 
BYP capacitor voltage remains constant, except 
for leakage effects. 

Programmable Filter 

The SSI 32P3000 includes a programmable low pass 
f ilterfollowing the AGC amplifier for (1 ) 2X voltage gain 
from filter input to filter outputs, (2) noise limiting, (3) 
pulse slimming, and (4) provision of a time differenti- 
ated signal. The low pass filter is of a 7-pole 2-zero 
Bessel type. The filter's un-boosted -3 dB bandwidth, 
defined as the cutoff frequency, is programmable from 
9 - 27 MHz;the high frequency equalization is program- 
mable from - 13 dB at the cutoff frequency. 

The filter input is ac-coupled from the AGC amplifier 
output. The filter's normal low pass output is ac- 
coupled to the data channel of the pulse qualif ier. The 
differentiated low pass output is ac-coupled to the time 
channel of the pulse qualifier. 



Note 1 : In a closed AGb loop, the sensitivity of Ao, Vr 
and K to typical process variations is irrelevant. The 
typical values of Ao, Vr and K are provided for 
references only, and not tested in production. Ao = 1 1 , 
Vr = 3.6 and K = 0.22 
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The normalized 7-pole 2-zero Bessel filter transfer 
function is given as: 



S'+3.22597S+ 2.94933 



2.75939S + 3.32507 



-KS' 



S + 3.22597S + £94933 



4.20534 



S*+ 1 .82081 S + 4.20534 



The cutoff frequency, /c, is programmable with 3 pins: 
RX, IFO and IFI. At the RX pin, an external resistor to 
ground establishes a reference current, IFO = 0.75 / 
Rx, at T = 27°C. IFI should be made proportional to IFO 
for fc temperature stability. The cutoff frequency is 
related to the RX resistor, IFO and IFI currents at the 
following: |R 1 25 

For a fixed cutoff frequency setting, IFO and IFI can be 
tied together. The cutoff frequency equation then re- 
duces to: 

/c(MHz)=27- 



1.25 



RX(kn) 

For programmable cutoff frequency, an external cur- 
rent DAC can be used. IFO should be the reference 
current into the DAC. The DAC output current drives 
IFI, which is then proportional to IFO. The DACF in the 
SSI 32D4661 Time Base Generator is designed to 
control /cot the Silicon Systems programmable filters. 
When the DACF, which has a 4X current gain from its 
reference to fullscale output, is used, 5 kQ RX is used. 
The fc is then given by: 

/C (MHz)=27.£^i 

where F_Code is a decimal code equivalent to the 7-bit 
input into the DACF. 

The high frequency equalization is programmable with 
two pins: VRG and VBP. The VRG is a bandgap 
reference voltage, 2.3 V typically. The voltage at the 
VBP pin determines the amount of high frequency 
boost at the cutoff frequency. The boost function is as 
the following: 

Boost(dB)=20log 10 [Kb-^|)+1], 

Kb = 3.041 + 0.0276 «/ci 
Where fa is the ideal cutoff frequency in MHz 



For a fixed boost setting, a resistor divider between 
VRG and ground can be used with the divided voltage 
at the VBP pin. For programmable equalization, an 
external voltage DAC can be used. VRG should be the 
reference voltage to the DAC. The DAC output voltage 
is then proportional to VRG. The DACS in the SSI 
32D4661 is designed to control the magnitude equal- 
ization of Silicon Systems' programmable filters. When 
DACS is used, the boost relation then reduces to: 



Boost(dB)=20logirj[ 



Kb«S_Co de 

( 127 



■)+i: 



Pulse Qualification 

The SSI 32P3000 validates each DP/DN peak by 
combination of level qualification and time qualifica- 
tion. In level qualification, a dual-comparator threshold 
detection eliminates errors due to low level additive 
noise. In time qualification, the filter's differentiated 
output is used to locate signal peaks. 

Level Qualification 

The dual-comparator architecture allows independent 
detection for positive and negative peaks. One com- 
parator detects a positive peak by comparing the data 
signal with a positive threshold. The other comparator 
detects a negative peak by comparing the data signal 
with a negative threshold. Each comparator has a 
small hysteresis, 20% of the set threshold, to avoid 
false triggering by noise around the set threshold. 

The SSI 32P3000 allows two ways of setting the 
thresholds: fixed threshold or DP/DN tracking thresh- 
old. Fixed threshold can be simply set by a DC voltage 
at the VTH pin, such as from a resistor divider from VCA 
to VRC (see note 2) . The threshold at each comparator 
can be computed as: Hysteresis Gain • (VTH - VRC). 
The thresholds at the two comparators are of the same 

Note 2: VCA is the +5V supply. VRC is the bandgap 
voltage referenced from VCA, i.e., VRC = VCA - VRG. 
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magnitude, but of opposite polarity. For high perfor- 
mance system application, however, fixed threshold is 
not recommended. 

DP/DN tracking threshold has the advantages of 
shorter write-to-read recovery time and lower probabil- 
ity of error with input amplitude drop out. The threshold 
is designed as a percentage of the DP/DN peak volt- 
age. This technique can be implemented by feeding 
the LEVEL output, through a resistor divider network, 
to the VTH pin. The LEVEL output, amplified peak 
capture of DP/DN signal, can be computed as: Level 
Gain • DP/DN ppd + VRC. With the resistor divider, a 
fraction of the LEVEL output is presented at the VTH 
pin. The threshold, as a function of DP/DN, can be 
summarized as Level Gain • Resistor Dividing Ratio • 
Hysteresis Gain • DP/DN ppd. For a typical case of 1 
Vppd DIN signal, assume equal value resistors in the 
divider network, the threshold is 0.75 • 0.5 • 0.455 • 1 .0 
= 0.17 V. This represents 34% threshold on a 1 Vppd 
signal. While both the Level Gain and Hysteresis Gain 
bear a moderate tolerance due to typical process 
variation, they inversely track each other to yield a 
much tighter threshold accuracy in a closed loop. 

While the external resistor divider ratio determines the 
qualification setting, the total resistance and the peak 
capture capacitor should b£ optimized for the system 
data rate. The RC time constant must be small enough 



to allow good response to changing DP/DN peak, but 
large enough to provide a constant threshold after a 
long duration of input absence. 

The Pulse Qualifier output is the pseudo-ECL differen- 
tial output, RD and RD. Corresponding to each vali- 
dated peak of the DP/DN signal, a one-shot pulse 
occurs at the RD/RD output. The pulse width of the 
one-shot pulse is determined by an external resistor 
from the OST pin to ground. 

PulseWidth(sec)=0.157-(R O ST-196)»(22 pF+C s ) 

Rqst = 2 kW to 8 kW,C s = stray capacitance 

DO and DO form the differential output as test points to 
examine the output of the two comparators. Each is an 
open-emitter output requiring an 5 k£2 external resistor 
pull-down to ground. 



PIN DESCRIPTION 
INPUT PINS 



NAME 


TYPE 


DESCRIPTION 


VIA+, VIA- 




AGC Amplifier input pins. 


IN+, IN- 




Equalizer/filter input pins. 


DP, DN 




Data inputs to data comparators and fullwave rectifier. 


CP, CN 




Differentiated data inputs to the clock comparator. 


VTH 




Threshold level setting input for the data comparators. 


FAST REC 




TTL compatible input when high puts the charge pump in the fast decay 
mode. 


LOWZ 




TTL compatible input when high reduces the AGC amplifier input resistance. 


HOLD 




TTL compatible input when low disables the AGC action by turning off the 
charge pump. 
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PIN DESCRIPTION (continued) 



OUTPUT PINS 



NAME 


TYPE 


DESCRIPTION 


VOA+, VOA- 


O 


AGC amplifier output pins. 


ON+, ON- 





Equalizer/filter normal output pins. 


OD+, OD- 





Equalizer/filter differentiated output pins. 


DO+, DO- 





ECL compatible data comparator latch output pins. 


RD+, RD- 





ECL compatible read data output pins. 


LEVEL 





Open NPN emitter output that provides a fullwave rectified signal for the VTH 
input. The signal is referenced to VRC. 


SERVO 





Open NPN emitter output that provides afullwave rectified servo signal. The 
signal is referenced to VRC. 


ANALOG PINS 


OST 


- 


Pin for Rt network to set RD output pulse width. An internal 22 pF capacitor 
has been included. 


VRC 




Reference voltage pin for SERVO and LEVEL. VRC is referenced to VCA. 


VRG 




Reference voltage pin for the programmable filter. VRG is referenced to 
ground. 


VBP 




The equalizer high frequency boost is set by an external voltage applied to 
this pin. VBP must be proportional to VRG. Programmable boost is imple- 
mented by using a DAC that uses VRG as its reference. A fixed amount of 
boost can be set by an external resistor divide network connected from VBP 
to VRG and GND. 


RX 




Pinto set filter reference current. External resistor Rx from this pin to ground 
sets the filter reference current IFO. 


IFO 




Reference current output pin. The reference current is normally supplied 
as the reference current to a current DAC which generates the program- 
mable input current for the IFI pin. 


IFI 




Programmable filter input current pin. The filter cutoff frequency is propor- 
tional to the current into this pin. The current must be proportional to the 
reference current out of IFO. A fixed filter cutoff frequency is generated by 
connecting IFO to IFI and selecting Rx to set the desired frequency. 


AGC 




Optional reference voltage input for the AGC. The reference voltage is 
normally set by an internal resistor divider for VCC to VRC. (Not avail- 
able in 36 pin SO package). 


BYP 




The AGC integrating capacitor Ca is connected between BYP and VCA. 


VCA, VCD 




Analog and Digital +5V. 


AGND1 , DGND 




Analog and Digital grounds. 
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ELECTRICAL SPECIFICATIONS 

Unless otherwise specified, 4.5V < VCC < 5.5V, 0°C < Ta < 70°C 
ABSOLUTE MAXIMUM RATINGS (Operation above maximum ratings may damage the device.) 



PARAMETER 


VALUE 


Storage Temperature 


-65to+150°C 


Junction Operating Temperature.Tj 


+130°C 


Supply Voltage, VCA, VCD 


-0.3to7V 


Voltage Applied to Inputs 


-0.7 to VCA, VCD + 0.7V 



RECOMMENDED OPERATING CONDITIONS 



PARAMETER 


RATING 


UNIT 


Supply Voltage VCA - VCD = VCC 


4.5 < VCC < 5.5 


V 


Ambient Temperature, Ta 


0<Ta<70 


°c 



POWER SUPPLY 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


ISS Supply Current 






82 


105 


mA 


PD Power Dissipation 






410 


580 


mW 


LOGIC SIGNALS 


VIL TTL Input Low Voltage 




-0.3 




0.8 


V 


VIH TTL Input High Voltage 




2.0 




VCC +0.3 


V 


IIL TTL Input Low Current 


VIL = 0.4V 


-0.4 






mA 


IIH TTL Input High Current 


VIH = 2.7V 






0.1 


mA 


VOHE EECL Output High Voltage 




VCC -1.02 


VCC -0.77 


VCC -0.4 


V 


VES ECL Differential Output 
Swing |VRD - VRD| 




0.3 


0.41 


0.6 


V 


TR F ECL Output Rise and Fall 
Time 


CL<10pF 






3.5 


ns 


TCS Control Input Switching 
Times 








0.1 


us 
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AGC AMPLIFIER 

The input signals are AC coupled to VIA+ and VIA-. VOA+ and VOA- are AC coupled to IN+ and IN-. ON+ and 
ON- are AC coupled to DP and DN. CalOOOpF. Fin = 4 MHz. Unless otherwise specified, the output is 
measured differentially at VOA+ and VOA-. 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


VIR Input Range 


riiier doosi ai rc = u od 


OA 




OAC\ 


in vppu 


Filter boost at Fc = 11 dB 


20 




100 


mVppd 


VD DP-DN voltage 


VIA± = 0.1 Vppd 


0.85 




1.05 


Vppd 


\/n\/ nP-RW Wnltano X/ariatinn 
VL/V Ur-Uri VUlldyt? VailalKJN 


OA m\I ^ X/IA4- ^ OA(\ mV/ 
cA ITIV < VIMx < cA\j mv 






R n 
o.u 


o/ 
/o 


AV Gain Range 




1.9 




22 


v/v 


AVPV Gain Sensitivity 






38 




dB/V 


DR VOA± 

Dynamic Range 


THD = 1% max 


0.75 






Vpp 


RINDA Differential Input 
Impedance 


LOW Z = low 


3.7 


5.8 


7.4 


kQ, 


RINSA Single Ended Input 
Impedance 


LOW Z = low 




2.8 




kQ. 


LOW Z = high 




100 


150 


Q 


VOS Output Offset Voltage 
Variation 


from min gain to max gain 


-200 




+200 


mV 


VIN Input Referred Noise 
Voltage 


gain = max, Rs = Oft 
filter not connected to 
VOA+ VOA- BW = 15 MHz 






20 


nVA/Hz 


BW Bandwidth 


No AGC action 


55 






MHz 


CMRR Common Mode Rejection 
Ratio 


gain = max, 

Vin = OVDC + 1 00 mVpp @ 5 MHz 


40 


65 




dB 


PSRR Power Supply Rejection 
Ratio 


gain = max, 

lOOmVpponVCA, VCD @ 5 MHz 


45 


67 




dB 


GDT Gain Decay Time 


VIA± = 240mVto120mV 
VOA± <0.9 Final Value 

IFI = 600 uA 




33 




us 


GAT Gain Attack Time 


VIA±=120mVto240 mV 
VOA±<1.1 Final Value 
IFI = 600 uA 




1.2 




us 
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ELECTRICAL SPECIFICATIONS (continued) 
Unless otherwise specified, 4.5<VCC<5.5, 0°C<Ta<70°C 

AGC CONTROL 

The input signals are AC coupled to DP and DN. Ca = 1000 pF, LEVEL load = 50 uA SERVO load = 
100 mA, 110|iA< IFI <600jiA. 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


VDI DP-DN Signal Input 








1.4 


Vpp 


ID Discharge Current, Id 


FAST REC = low 
DP-DN = 




0.008 x 
IFI 




mA 


IDF Fast Discharge 
Current, Idf 


FAST REC = high 




20 x Id 




mA 


ICH Charge Pump Attack 
Current, Ich 


DP - DN = 0.55V 




30 x Id 




mA 


ICHF Charge Pump Fast Attack 
Current, Ichf 


DP-DN = 0.675V 




7x Ich 




mA 


IK BYP Pin Leakage Current 


HOLD = low, VBYP = Vcc - 1 .5V 


-0.1 




0.1 


LlA 


VRG Reference Voltage 


I source = to 1 mA 


2.2 




2.45 


V 


VRC Reference Voltage 






VCC- VRG 




V 


IVRC VRC Output Drive 


AVRC < 20 mV 


-0.75 




0.75 


mA 


EQUALIZER/FILTER The input signals are AC coupled to IN+ and IN-. 


FC Filter Cutoff Frequency 


RX = 5kQ 

/C = 27x IFI/(4x IFO) MHz 
4 > IFI/IFO > 4/3 


9 




27 


MHz 


IFO IFO Reference Current 
Range 


IFO = 0.75/RX; Tj = 27°C 
5kQ > RX > 1 .25 kQ 


0.15 




0.6 


mA 


IFI IFI Program Current 
Range 


Tj = 27°C, 27 MHz > fc> 
9 MHz 


0.2 




0.6 


mA 


FCA FCA Filter FC Accuracy 


fc nominal = 27 MHz 


-13 




13 


% 


RX RX Range 




1.25 




5 


kQ 


AO Normal Low Pass Gain 
AO = (ON ±) / (IN±) 


Fin = 0.67/c 


1.4 




2.2 


V/V 


AD Differentiated Low Pass 
Gain 

AD = (OD±)/(IN±) 


Fin = 0.67/c 


0.8AO 




1.2 AO 


V/V 


FBA Frequency Boost 
Accuracy 


VRG/VBP = VRG 


-1.5 




+1 .5 


dB 


VBP/VRG = 0.5 


-1.0 




+1.0 


dB 


TGD1 Group Delay Variation 


fc = 27 MHz, VBP = to VRG 
fc > Fin > 0.3/c 


-0.5 




+0.5 


ns 
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EQUALIZER/FILTER (continued) 

The input signals are AC coupled to IN+ and IN-. 



PARAMETER 

■ HT^IWI %mm 1 kill 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


TGD2 


/c = 9to27MHz,VBP = 0toVRG 
■fc *> Fin •> 3 ft* 

III 1 ^ \J.\J J\j 


-2.5 




+2.5 


% 


VOSVF Output Offset Voltage Variation 


200uA<IFI<600uA 


-200 




200 


mV 


DRF Filter Output 

Dynamic Range 


THD = 1.5%max 
Fin = 0.67 fc 


1.2 






Vpp 


RINF Filter Input Resistance 




3.0 






kQ 


CINF Filter Input Capacitance 








7 


PF 


ROF Filter Output Resistance 


IO+ = 1 mA 






60 


Q 


IOF Filter Output Current 




-1.0 




1.0 


mA 


VNN Eout Output Noise 
Voltage; ON+, ON- 


BW=100 MHz, RS = 50Q 
VBP = 0, /c = 27 MHz 




2.7 


3.5 


mVRms 




BW=100 MHz, RS = 50ft 
VBP = VRG, fc m 27 MHz 




5.7 


8.0 


mVRms 


VND Eout Output Noise 
Voltage; OD+, OD- 


BW= 100 MHz, RS = 50Q 
VBP = 0, /c = 27 MHz 




5.7 


7.5 


mVRms 




BW= 100 MHz, RS = 50Q 
VBP = VRG, fc = 27 MHz 




13.0 


21.0 


mVRms 


DATA COMPARATOR 












The input signals are AC coupled to DP and DN, 1 (LEVEL) = 50 uA, 1 (SERVO) = 100 uA, 0.01 u.F caps 
tied from LEVEL and SERVO to VCA. 


VID DP-DN Signal Range 








1.5 


Vpp 


RIND Differential Input Resistance 




8 




14 


kQ 


CIND Differential Input 
Capacitance 








5 


PF 


VOSD Comparator Offset 
Voltage (Notel) 








4 


mV 


LG Level (Servo) Output Gain 


DP-DN = 0.25 to 0.5 VDC 


0.712 




0.788 


V/V 


LBW Level (Servo) Output 
Bandwidth 


±1 dB referenced to 1 MHz 


20 






MHz 


VLOS Level Offset Voltage 


Output-VRC, IL - 50 UA 


-30 




+30 


mV 


VSOS Servo Off set Voltage 


Output -VRC, IL = 100uA 


-30 




+30 


mV 


GHYS Threshold Voltage 
Gain 


0.3 < VTH-VRC < 0.9 



0.42 


0.455 


0.49 


V/V 


VSH Threshold Voltage 
Hysteresis 






0.20 x GHYS 

X 

(VTH-VRC) 




V/V 



Note 1 : Not directly measurable 
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DATA COMPARATOR (continued) 

The input signals are AC coupled to DP and DN. 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


VHM Minimum Threshold 
Voltage 


VTH-VRC< 0.11V 




0.05 




V 


TPDD Propagation Delay 


From DP/DN to DO, DO 




5 




ns 


IVTH Input Bias Current 








2 


MA 



CLOCKING SECTION 

The input signals are AC coupled to CP and CN. 



VC CP-CN Signal Range 








1.5 


Vpp 


VOSC Comparator Offset 
Voltage (Note 1) 








4 


mV 


RING Differential Input 
Resistance 




8 




14 


kQ, 


CINC Differential Input 
Capacitance 








5 


PF 


TDS D F/F Set Up Time 


DP-DN threshold to 
CP-CN zero cross 






1 


ns 


PP Pulse Pairing 


Vs= 1 Vpp,F=18MHz 




0.15 


0.5 


ns 


TPDC Propagation Delay to RD 


Vs = 20 mVpp sq wave 




7 




ns 


PWRD RD Output Pulse Width 


Tpd = 0.157 (Rt-196)(22pf + Cs) 

Rt = 2K to 8 k£l, 

Cs = stray capacitance 


0.78 
Tpd 




1.22 
Tpd 


ns 


RT Resistor Range 




3 




10 


kQ 



Note 1 : Not directly measurable 
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Thermal Characteristics: 6jA 




36-lead SOM 



75°C/W 



PACKAGE PIN DESIGNATIONS 

(Top View) 



VRG 


£ 




36 


] 


VIA+ 


VOA- 


I 


2 


35 


] 


VIA- 


VOA+ 


[ 


3 


34 


] 


BYP 


IN+ 


[ 


4 


33 


] 


VRC 


IN- 


[ 


5 


32 


] 


VTH 


VBP 


[ 


6 


31 


] 


LEVEL 


IFO 


[ 


7 


30 


] 


SERVO 


RX 


c 


8 


29 


] 


LOWZ 


IFI 


c 


9 


28 


] 


HOLD 


AGND 


[ 


10 


27 


] 


FAST REC 


ON+ 


[ 


11 


26 


] 


DGND 


ON- 


c 


12 


25 


] 


OST 


OD- 


[ 


13 


24 


] 


VCD 


OD+ 


[ 


14 


23 


] 


RD- 


DN 


[ 


15 


22 


] 


RD+ 


DP 


[ 


16 


21 


] 


DO- 


CN 


c 


17 


20 


] 


DO+ 


CP 


[ 


18 


19 


] 


VCA 



36-Lead SOM 



ORDERING INFORMATION 



PART DESCRIPTION 


ORDER NO. 


PKG. MARK 


SSI 32P3000 
36-Lead Small Outline (31.6 mil. pitch) 


32P3000-CM 


32P3000-CM 



No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders. 
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DESCRIPTION 

The SSI 32P3001 is a bipolar integrated circuit that 
provides all the data processing for detection and 
qualification of encoded read signals from a head 
preamplifier. This device can handle a NRZ data rate of 
64 Mbit/s. 

The SSI 32P3001 includes an AGC amplifier with AGC 
charge pump, a programmable 7-pole Bessel low pass 
filter, and a pulse qualification circuit. The device 
features a complete differential circuit architecture in 
the signal path, for high immunity to noise and power 
supply ripples. 

For fast write-to-read recovery, the SSI 32P3001 al- 
lows the user to control the tow input state and AGC fast 
recovery mode independently. The AGC action can 
also be disabled for embedded servo decoding or other 
processing needs. 

Ideal for constant density recording applications, the 
SSI 32P3001 low pass filter has a programmable 8-24 
MHz bandwidth and - 1 3 dB boost for pulse slimming. 
A time derivative of the read signal is also provided by 
the filter for time qualification in peak detection. 

The SSI 32P3001 requires only a +5V power supply 
and is available in a 36-pin SOM package. 



January 1993 

FEATURES 

• Compatible with 64 Mbit/s data rate operation 

• Fast attack/decay modes for rapid AGC recovery 

• Low Drift AGC hold, fast AGC recovery, and low 
AGC input impedance control signals 

• Includes programmable pulse slimming equaliza- 
tion and programmable channel filter and 
differentiator with no external filter components 

• ±0.5 ns filter group delay variation from 0.3 /c to 
/c = 24 MHz 

• Independent positive and negative threshold 
qualification to suppress error propagation 

• 0.5 ns max pulse pairing 

• +5V only operation 

• 36-pin SOM package 



BLOCK DIAGRAM 
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AGND DQND VCA VCD 



HGC5 FAST 
REC 
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FUNCTIONAL DESCRIPTION 

The SSI 32P3001 Pulse Detector is designed to sup- 
port a 64 Mbit/s NRZ data rate. The signal processing 
circuits include a wide band variable gain amplifier, a 
dual-rate AGC charge pump, a programmable elec- 
tronic filter, and a pulse qualifier. 

AGC Amplifier 

The wide band AGC amplifier is to amplify the read 
signal from the read/write pre-amp to a signal level 
acceptable at the pulse qualifier. The AGC amplifier 
gain is an exponential function of the BYP voltage 
when referenced to VCA. 

V@BYP-Vr 
Av=Ao exp[(— - — )] (seenotel) 

AGC Actions 

The AGC loop is to maintain a constant DP/DN signal 
at the nominal level, ~1Vppd. The AGC actions are 
current charging and discharging the external BYP 
integrating capacitor. These AGC actions can be clas- 
sified into the following categories: 

Automatic 

Slow Decay 

When the DP/DN signal is below the nominal 
level, a slow decay current, Id, charges the BYP 
capacitor. The AGC amplifier gain is increased 
slowly. This slow decay current tracks with the 
bandwidth of the filter. Id = 0.008 x IFI. At T = 
27°C, the maximum Id is 4.5 uA when the filter 
cutoff frequency is 24 MHz. 

Slow Attack 

When the DP/DN signal exceeds the nominal 
level but is below 125% of the nominal level, a 
slow attack current, Ich, discharges the BYP 
capacitor. The AGC amplifier gain is decreased. 
The slow attack current is 30 times that of the 
slow decay current. Thus, for a given BYP ca- 
pacitor, the slow attack response time is quicker 
than the slow decay response. 



Fast Attack 

When the DP/DN signal exceeds 125% of the 
nominal level, the device enters a fast attack 
mode. A fast attack current, Ichf, discharges the 
BYP capacitor. The AGC amplif ier gain is quickly 
lowered. The fast attack current is seven times 
that of the slow attack current. 

User Control 

FAST REC 

When FAST REC = 1 , the SSI 32P3001 enters 
the fast recovery mode. Independent of the DP/ 
DN signal level, a fast recovery current, Idf, 
charges the BYP capacitor. This fast recovery 
current magnitude is 20 times that of the slow 
decay current. The AGC amplifier gain is quickly 
raised. Meanwhile, all the above automatic AGC 
actions remain active. 

FOLD 

When HOLD = 0, all the automatic AGC actions 
and the fast recovery action are suspended. The 
BYP capacitor voltage remains constant, except 
for leakage effects. 

Programmable Filter 

The SSI 32P3001 includes a programmable low pass 
filter following the AGC amplifier for (1 ) 2X voltage gain 
from filter input to filter outputs, (2) noise limiting, (3) 
pulse slimming, and (4) provision of a time differenti- 
ated signal. The low pass filter is of a 7-pole 2-zero 
Bessel type. The filter's un-boosted -3 dB bandwidth, 
defined as the cutoff frequency, is programmable from 
8-24 MHz; the high frequency equalization is program- 
mable from - 13 dB at the cutoff frequency. 

The filter input is ac-coupled from the AGC amplifier 
output. The filter's normal low pass output is ac- 
coupled to the data channel of the pulse qualif ier. The 
differentiated low pass output is ac-coupled to the time 
channel of the pulse qualifier. 



Note 1 : In a closed AGC loop, the sensitivity of Ao, Vr 
and K to typical process variations is irrelevant. The 
typical values of Ao, Vr and K are provided for 
references only, and not tested in production. Ao = 1 1 , 
Vr = 3.6 and K = 0.22 
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The normalized 7-pole 2-zero Bessel filter transfer 
function is given as: 



-ks 7 



S*+3.22597S + 2.94933 



3.32507 




4.20534 


S*+2.75939S + 3.32507 




S*+ 1. 82081 S + 4.20534 



The cutoff frequency, fc, is programmable with 3 pins: 

RX, IFO and IFI. At the RX pin, an external resistor to 

ground establishes a reference current, IFO = 0.75 / 

RX, at T = 27°C. I FI should be made proportional to I FO 

for /c temperature stability. The cutoff frequency is 

related to the RX resistor, IFO and IFI currents by the 

following equation: , pl . ot . 

/ c =24-— — -H2—MHZ 
3 IFO RX(kn) 

For a fixed cutoff frequency setting, IFO and IFI can be 
tied together. The cutoff frequency equation then re- 
duces to: 1 9R 

/c=24-— — — MHz 

For programmable cutoff frequency, an external cur- 
rent DAC can be used. IFO should be the reference 
current into the DAC. The DAC output current drives 
IFI, which is then proportional to IFO. The DACF in the 
SSI 32D4661 Time Base Generator is designed to 
control fc of the Silicon Systems programmable filters. 
When the DACF, which has a 4X current gain from its 
reference to fullscale output, is used, 5 k£2 RX is used. 
The fc is then given by: 

/C (MHz)=24.^£ 

where F_Code is a decimal code equivalent to the 7-bit 
input into the DACF. 

The high frequency equalization is programmable with 
two pins: VRG and VBP. The VRG is a bandgap 
reference voltage, nominally equal to 2.33V. The volt- 
age at the VBP pin determines the amount of high 
frequency boost at the cutoff frequency. The boost 
function is as the following: 

VBP 

Boost(dB)=20log 10 [ (Kb-^)+1 ] 

Kb « 3.041 + 0.0276 • fci 

where fci is the ideal cutoff frequency in MHz. 

For a fixed boost setting, a resistor divider between 
VRG and ground can be used with the divided voltage 
at the VBP pin. For programmable equalization, an 



external voltage DAC can be used. VRG should be the 
reference voltage to the DAC. The DAC output voltage 
is then proportional to VRG. The DACS in the SSI 
32D4661 is designed to control the magnitude equal- 
ization of Silicon Systems' programmable filters. When 
DACS is used, the boost relation then reduces to: 



Boost (dB)=20logio[ ( 



Kb «S_Code 

127 j 



+ 1] 



Pulse Qualification 

The SSI 32P3001 validates each DP/DN peak by 
combination of level qualification and time qualifica- 
tion. In level qualification, a dual-comparator threshold 
detection eliminates errors due to low level additive 
noise. In time qualification, the filter's differentiated 
output is used to locate signal peaks. 

Level Qualification 

The level qualif ication is performed by a dual compara- 
tor circuit. One comparator detects a positive peak by 
comparing the data signal with a positive threshold. 
The other comparator detects a negative peak by 
comparing the data signal with a negative threshold. 
Each comparator has a small hysteresis, 20% of the 
set threshold, to avoid false triggering by noise around 
the setthreshold. Polarity check is added to ensure that 
the slope of two successive peaks is opposite in sign. 

The SSI 32P3001 allows two ways of setting the 
thresholds: fixed threshold or DP/DN tracking thresh- 
old. Fixed threshold can be simply set by a DC voltage 
at the VTH pin, such as from a resistor divider from 
VCC to VRC (see note 2). The threshold at each 
comparator can be computed as: Hysteresis Gain • 
(VTH - VRC). The thresholds at the two comparators 
are of the same magnitude, but of opposite polarity. For 
high performance system applications, however, a 
fixed threshold is not recommended. 

Note 2: VCC is the +5V supply. VRC is the bandgap 
voltage referenced from VCC, i.e., VRC = VCC - VRG. 
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DP/DN tracking threshold has the advantages of 
shorterwrite-to-read recovery time and tower probabil- 
ity of error with input amplitude drop out. The threshold 
is designed as a percentage of the DP/DN peak volt- 
age. This technique can be implemented by feeding 
the LEVEL output, through a resistor divider network, 
to the VTH pin. For a given divider network attenuation 
a, the equivalent input threshold, THR is: 

THR = Vin • LG • a • GHYS Vpd 

For example if 

a = 0.5 

Vin = 1 Vppd = 500 mVpd 

the equivalent input threshold is 290 mVpd or 58% of 
the input signal. While both the Level Gain and Hyster- 
esis Gain bear a moderate tolerance due to typical 
process variation, they inversely track each other to 
yield a much tighter threshold accuracy in a closed 
loop. 

While the external resistor divider ratio determines the 
qualification setting, the total resistance and the peak 
capture capacitor should be optimized for the system 
data rate. The RC time constant must be small enough 
to allow good response to changing DP/DN peak, but 
large enough to provide a constant threshold after a 
long duration of input absence. 



The Pulse Qualifier output is the pseudo-ECL differen- 
tial output, RD and RD. Corresponding to each vali- 
dated peak of the DP/DN signal, a one-shot pulse 
occurs at the RD/RD output. The pulse width of the 
one-shot pulse is determined by a external resistor 
from the OST pin to ground. 

Pulse Width(sec) = 0. 1 57 • ( R ST - 1 96) • (22 pF + C s ) 

R OST= 2kQ to 8kft,C s = stray capacitance 

DO and D5 form the differential output as test points to 
examine the data input of the qualifier D flip flop. These 
outputs should be left unconnected during normal 
operation. 



PIN DESCRIPTION 
INPUT PINS 



NAME 


TYPE 


DESCRIPTION 


VIA+, VIA- 




AGC Amplifier input pins. 


IN+, IN- 




Equalizer/filter input pins. 


DP, DN 




Data inputs to data comparators and fullwave rectifier. 


GP, CN 




Differentiated data inputs to the clock comparator. 


VTH 




Threshold level setting input for the data comparators. 


FAST REC 




TTL compatible input when high puts the charge pump in the fast decay 
mode. 


LOWZ 




TTL compatible input when high reduces the AGC amplif ier input resistance. 


HOLD 




TTL compatible input when low disables the AGC action by turning off the 
charge pump. 
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PIN DESCRIPTION (continued) 



OUTPUT PINS 



NAME 


TYPE 


DESCRIPTION 


VOA+, VOA- 





AGC amplifier output pins. 


ON+, ON- 





Equalizer/filter normal output pins. 


OD+, OD- 





Equalizer/filter differentiated output pins. 


DO+, DO- 





PECL compatible data comparator latch output pins. 


RD+, RD- 





PECL compatible read data output pins. 


LEVEL 





Open NPN emitter output that provides a fullwave rectified signal for the VTH 
input. The signal is referenced to VRC. 


SERVO 





Open NPN emitter output that provides a fullwave rectified servo signal. The 
signal is referenced to VRC. 


ANALOG PINS 


OST 




Pin for Rt network to set RD output pulse width. An internal 22 pF capacitor 
has been included. 


VRC 




Reference voltage pin for SERVO and LEVEL. VRC is referenced to VCA. 


VRG 




Reference voltage pin for the programmable filter. VRG is referenced to 
ground. 


VBP 




The equalizer high frequency boost is set by an external voltage applied to 
this pin. VBP must be proportional to VRG. Programmable boost is imple- 
mented by using a DAC that uses VRG as its reference. A fixed amount of 
boost can be set by an external resistor divide network connected from VBP 
to VRG and GND. 


RX 




Pin to set filter reference current. External resistor Rx from this pin to ground 
sets the filter reference current IFO. 


IFO 




Reference current output pin. The reference current is normally supplied 
as the reference current to a current DAC which generates the program- 
mable input current for the IFI pin. 


IFI 




Programmable filter input current pin. The filter cutoff frequency is propor- 
tional to the current into this pin. The current must be proportional to the 
reference^ current out of IFO. A fixed filter cutoff frequency is generated by 
connecting IFO to IFI and selecting Rx to set the desired frequency. 


BYP 




The AGC integrating capacitor Ca is connected between BYP and VCA. 


VCA, VCD 




Analog and Digital +5V. 


AGND, DGND 




Pulse detector and filter ground. Must be tied together. 
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ELECTRICAL SPECIFICATIONS 

Unless otherwise specified, 4.5V<VCC<5.5V, 0°C<Ta<70°C 

ABSOLUTE MAXIMUM RATINGS (Operation above maximum ratings may damage the device.) 



PARAMETER 


VALUE 


Storage Temperature 


-65to+150°C 


Junction Operating Temperature.Tj 


+130°C 


Supply Voltage, VCC, VCD 


-0.3to7V 


Voltage Applied to Inputs 


-0.3 to VCC, VCD + 0.3V 



RECOMMENDED OPERATING CONDITIONS 



PARAMETER 


RATING 


UNIT 


Supply Voltage VCD = VCC 


4.5 < VCC < 5.5 


V 


Ambient Temperature, Ta 


0<Ta<70 


°c 



POWER SUPPLY 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


ISS Supply Current 






100 




mA 


PD Power Dissipation 






550 


660 


mW 



LOGIC SIGNALS 



VIL TTL Input Low Voltage 




-0.3 




0.8 


V 


VIH TTL Input High Voltage 




2.0 




VCC +0.3 


V 


IIL TTL Input Low Current 


VIL = 0.4V 


-0.4 






mA 


IIH TTL Input High Current 


VIH « 2.7V 






0.1 


mA 


VOHE PECL Output High Voltage 








VCC -0.6 


V 


VOLE PECL Output Low Voltage 




VCC -1.9 






V 


IOHE PECL High Output Current 


RD+, RD- only. The limit for 
DO+, DO- is 1 mA 


4 






mA 


IOLE PECL Low Output Current 


RD+, RD- only. The limit for 
DO+,DO-is1mA 


-4 






mA 


VES ECL Differential Output 
Swing |VRD - VRD| 


VCC = 5V 


0.75 


0.85 


0.95 


Vpd 


TRF ECL Output Rise and Fall 
Time 


CL < 10 pF, RD±only 






3.5 


ns 


TCS Control Input Switching 
Times 








0.1 


us 
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AGC AMPLIFIER 

The input signals are AC coupled to VIA+ and VIA-. VOA+ and VOA- are AC coupled to IN+ and IN-. ON+ 
and ON- are AC coupled to DP and DN. CalOOOpF. Fin = 4 MHz. Unless otherwise specified, the output 
is measured differentially at VOA+ and VOA-. 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


VIR Input Range 


Filter boost at /c = dB 


24 




240 


mVppd 


Pilfer Krtnct at f/> _ i i HR 

riner doosi ax /c = 1 1 qd 


on 




1 uu 


ill vppu 


VD DP-DN voltage 


VIA± = 0.1 Vppd * 


0.85 




1.05 


Vppd 


VDV DP-DN Voltage Variation 


24 mV < VIA± < 240 mV * 






8.0 


% 


AVmin AGC minimum gain 








1.9 


v/v 


AVmax AGC maximum gain 




22 






v/v 


AVPV Gain Sensitivity 






38 




dB/V 


DR VOA± 

Dynamic Range 


THD = 1% max 


0.75 






Vpp 


RINDA Differential Input 
Resistance 


LOW Z = low 


3.7 


5.8 


7.4 


ka 


RINSA Single Ended Input 
Resistance 


LOW Z = low 




2.8 






LOW Z = high 




100 


150 


a 


VOS Output Offset Voltage 
Variation 


from min gain to max gain 


-200 




+200 


mV 


VIN Input Referred Noise 
Voltage 


gain = max, Rs = 0£2 
filter not connected to 
VOA+, VOA-, BW=15MHz 






20 


nV/VRz 


BW Bandwidth 


No AGC action, 1 .9<Av<22 


55 






MHz 


CMRR Common Mode Rejection 
Ratio 


gain = max, Vin = VDC + 
100 mVpp@5MHz 


40 


65 




dB 


PSRR Power Supply Rejection 
Ratio 


gain = max, 100 mVpp on 
VCA, VCD @ 5 MHz 


45 


67 




dB 


GDT Gain Decay Time 


VIA± = 240 mV to120mV 
VOA+ <0.9 Final Value 




33 




us 


GAT Gain Attack Time 


VIA± = 120 mV to 240 mV 
VOA±<1.1 Final Value 




1.2 




us 


* AGC loop closed 
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ELECTRICAL SPECIFICATIONS (continued) 
Unless otherwise specified, 4.5<VCC<5.5, 0°C<Ta<70°C 
AGC CONTROL 

The input signals are AC coupled to DP and DN. Ca = 1000 pF, LEVEL load = 50 ua, SERVO load = 
100 [lA, 100 uA < IFI < 600 uA. 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


VDI DP-DN Signal Input Range 




0.8 




1.2 


Vpp 


ID Discharge Current, Id 


FAST REC = low 
DP-DN = 




0.008 x 
IFI 




mA 


IDF Fast Discharge 
Current, Idf 


FAST REC = high 




20xld 




mA 


ICH Charge Pump Attack 
Current, Ich 


DP - DN = 0.55V 




30xld 




mA 


ICHF Charge Pump Fast Attack 
Current, Ichf 


DP-DN = 0.675V 




7xlch 




mA 


IK BYP Pin Leakage Current 


HOLD = low, 
VBYP = VCC-1.5V 


-0.1 




0.1 


uA 


VRG Reference Voltage 


Isource = to 1 mA 


2.2 




2.45 


V 


VRC Reference Voltage 






VCC-VRG 




V 


IVRC VRC Output Drive 


AVRC < 20 mV 


-0.75 




0.75 


mA 


EQUALIZER/FILTER The input signals are AC coupled to IN+ and IN-. 


/c Filter Cutoff Frequency 


RX = 5ka 

/c = 24xlFI/(4xlFO)MHz 
4 > IFI/IFO > 4/3 


8 




24 


MHz 


IFO IFO Reference Current 
Range 


IFO = 0.75/RX; Tj = 27°C 
5kQ>RX> 1.25 kQ 


0.15 




0.6 


mA 


IFI IFI Program Current Range 


Tj - 27°C, 24 MHz > fc> 8 MHz 


0.2 




0.6 


mA 


FCA FCA Filter FC Accuracy 


fc nominal = 24 MHz 


-13 




13 


% 


RX RX Range 




1.25 




5 


kQ 


AO Normal Low Pass Gain 
AO = (ON ±) / (IISI±) 


Fin = 0.67/c 


1.4 




2.2 


V/V 


AD Differentiated Low Pass 
Gain 

AD = (ON±)/(IN±) 


Fin = 0.67/c 


0.8AO 




1.2AO 


V/V 


FBA Frequency Boost 
Accuracy 


FB nominal VBP = VRG 


-1.5 




+1 .5 


dB 


VBP/VRG = 0.5 


-1.0 




+1 .0 


dB 


TGD1 Group Delay Variation 


fc = 24 MHz, FB = to 9 dB 
fc > Fin > 0.3/c, 
VBP = to VRG 


-0.5 




+0.5 


ns 
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EQUALIZER/FILTER (continued) 



The input signals are AC coupled to IN+ and IN-. 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


I \Jlvjc 


/<-> _ Q \r\ OA MM7 

fc > Fin > 0.3 /c, 
VBP = to VRG 






■ o c 


o/ 
/o 


VOSVF Output Offset Voltage 
Variation 


Normal and differentiated 
outputs, 200 uA < IFI < 600 uA 


-200 




+200 


mV 


DRF VOF Filter Output 
Dynamic Range 


THD = 1.5% max 
Fin = 0.67 fc 


1.2 






Vpp 


RINF Filter Input Resistance 




3.0 








CINF Filter Input Capacitance 








7 


pF 


ROF Filter Output Resistance 


IO = 1 mA 






60 


Q 


IOF Filter Output Current 




-1.0 




1.0 


mA 


VNN Eout Output Noise 
Voltage; ON+, ON- 


NBW= 100 MHz, RS = 50£2 
VBP = 0, fc = 24 MHz 




2.7 


3.5 


mVRms 


NBW=100 MHz, RS = 50Q 
VBP = VRG, /C = 24 MHz 




5.7 


8.0 


mVRms 


VND Eout Output Noise 
Voltage; OD+, OD- 


NBW = 100 MHz, RS = 50Q 
VBP = 0, /c = 24 MHz 




5.7 


7.5 


mVRms 


NBW = 100 MHz, RS = 50Q 
VBP = VRG, fc = 24 MHz 




13.0 


21.0 


mVRms 


DATA COMPARATOR 

The input signals are AC coupled to DP and DN. 1 (LEVEL) = 50 mA, 1 (SERVO) = 1 00 uA, 0.01 u.F capaci- 
tors tied from LEVEL and SERVO to VCA 


VID DP-DN Signal Range 








1.5 


Vpp 


RIND Differential Input Resistance 




8 




14 




CIND Differential Input 
Capacitance 








5 


PF 


OSD Comparator Offset 
Voltage (Notel) 








4 


mV 


LG Level (Servo) Output Gain 


DP-DN = .5 to 1 Vppd 


0.712 




0.788 


V/Vppd 


LBW Level (Servo) Output 
Bandwidth 


+1 dB referenced to 1 MHz 


20 






MHz 


VLOS Level Off set Voltage 


Output-VRC, IL = 50 uA 


-30 




+30 


mV 


VSOS Servo Offset Voltage 


Output -VRC, IL = 100uA 


-30 




+30 


mV 


GHYS Threshold Voltage Gain 


0.3 < VTH-VRC < 0.9 @ 1 MHz 


0.77 


0.8 


0.83 


Vpd/V 


VSH Threshold Voltage 
Hysteresis (Note 1) 






.20 x 
GHYSx 
(VTH 
-VRC) 




V/V 



Note 1 : Not directly measurable 
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DATA COMPARATOR (continued) 

The input signals are AC coupled to DP and DN. 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


VHM Minimum Threshold 
Voltage 


VTH-VRC< 0.11V 




0.05 




Vpd 


TPDD Propagation Delay 


From DP/DN to DO, D5 




7 




ns 


IVTH Input Bias Current 








2 


uA 



CLOCKING 

The input signals are AC coupled to CP and CN. 



VC CP-CN Signal Range 








1.5 


Vpp 


VOSC Comparator Offset 
Voltage (Notel) 








4 


mV 


RINC Differential Input 
Resistance 




8 




14 


kn 


CINC Differential Input 
Capacitance 








5 


PF 


TDS D F/F Set Up Time 


DP-DN threshold to 
CP-CN zero cross 









ns 


PP Pulse Pairing 


Vs = 1Vpp, F = 11MHz 




0.15 


0.5 


ns 


TPDC Propagation Delay to RD 


Vs = 20 mVpp sq wave 




10 




ns 


PWRD RD Output Pulse Width 


Tpd =0.157 (Rt-196)(22pf + Cs) 
Rt = 2K to 8K, Cs = stray 
capacitance 


0.78x 
Tpd 




1.22* 
Tpd 


ns 



Note 1 : Not directly measurable 
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PACKAGE PIN DESIGNATIONS 

(Top View) 

THERMAL CHARACTERISTICS : eja 

| 36-LeadSOM | 7S°C/W | 



VRG 


[ 




36 


] 


VIA+ 


VOA+ 


c 


2 


35 


] 


VIA- 


VOA- 


[ 


3 


34 


] 


BYP 


IN+ 


[ 


4 


33 


] 


VRC 


IN- 


c 


5 


32 


] 


VTH 


VBP 


[ 


6 


31 


] 


LEVEL 


IFO 


c 




30 


] 


SERVO 


RX 


c 


8 


29 


] 


LOWZ 


IFI 


[ 


9 


28 


] 


HOLD 


AGND 


c 


10 


27 


] 


FAST REC 


ON j. 


r 
L 


1 1 


oa 
cx> 


J 


DGND 


ON- 


[ 


12 


25 


] 


OST 


OD+ 


[ 


13 


24 


] 


VCD 


OD- 


[ 


14 


23 


] 


RD- 


DN 


c 


15 


22 


] 


RD+ 


DP 


[ 


16 


21 


] 


DO- 


CP 


[ 


17 


20 


] 


DO+ 


CN 


[ 


18 


19 


] 


VCA 



36-Lead SOM 



ORDERING INFORMATION 



PART DESCRIPTION 


ORDERING NUMBER 


PACKAGE MARK 


SSI 32P3001 


36-Lead Small Outline (31 .6 mil pitch) 


32P3001-CM 


32P3001-CM 
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DESCRIPTION 

The SSI 32P3011 is a bipolar integrated circuit that 
provides all the data processing for pulse detection and 
four-burst servo capture from encoded read signals. This 
device can handle a NRZ data rate of 48 Mbit/s. 

The SSI 32P301 1 includes an AGC amplifier with AGC 
charge pump, a programmable 7-pole Bessel low pass 
filter, a pulse qualification circuit, and a 4-burst servo 
capture circuit. Automatic AGC control maintains a 
constant signal level into the pulse qualifier, and 
achieves fast write-to-read recovery. A time 
differentiator is included in the servo signal path, if so 
needed. 

Ideal for constant density recording applications, the 
SSI 32P301 1 taw pass filter has a programmable 5-18 
MHz bandwidth and 0-13 dB boost for pulse slimming. 
A time derivative of the read signal is also provided by 
the filter for time qualification in peak detection. 

The SSI 32P3011 requires only a +5V power supply 
and is available in a 44-pin SOM package. 
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January 1993 

FEATURES 

• Compatible with 48 Mbit/s data rate operation 

• Fast attack/decay modes for rapid AGC recovery 

• Automatic AGC actions: Low Drift AGC hold, fast 
AGC recovery, and low AGC input impedance 
control signals 

• Includes programmable pulse slimming equaliza- 
tion and programmable channel filter and 
differentiator with no external filter components 

• ±0.75 ns filter group delay variation from 0.3/c to /c 
fc = 18 MHz 

• Independent positive and negative threshold 
qualification to suppress error propagation 

• 0.5 ns max pulse pairing 

• Servo differentiator and 4-burst servo capture 

• +5V only operation 

• 44-pin SOM package 
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FUNCTIONAL DESCRIPTION 

The SSI 32P3011 Pulse Detector/Filter with 4-Burst 
Servo Capture is designed to support a 48 Mbit/s NRZ 
data rate. The signal processing circuits include a wide 
band variable gain amplifier, a sophisticated dual-rate 
AGC charge pump, a programmable electronic filter, a 
pulse qualifier, a servo differentiator and a 4-burst 
servo capture circuit. The 4-Burst Servo Capture por- 
tion includes four gated servo peak detector/latches 
that can be reset. 

AGC Amplifier 

The wide band AGC amplifier amplifies the read signal 
from the read/write pre-amp to a signal level accept- 
able at the pulse qualifier. The AGC amplifier gain is an 
exponential function of the BYP voltage when refer- 
enced to VR. 

Av=Aoexp[ (VBy P~ VR) ] (See note 1) 
K 

AGC Actions 

The AGC loop maintains a constant DP/DN signal level 
at a nominal level, -1 Vppd. The AGC actions are 
current charging and discharging to/from the external 
BYP integrating capacitor, and are classified into the 
following modes: 

AUTOMATIC 

Slow Decay: When the DP/DN signal is below 1 Vppd, 
a slow decay current, Id, charges the BYP capacitor. 
The AGC amplifier gain is increased slowly. This slow 
decay current tracks with the bandwidth of the filter. 
Id - 0.008 x IFI. AtT = 27°C, the maximum Id is 4.5 uA 
when the filter cutoff frequency is 18 MHz. 

Slow Attack: When the DP/DN signal exceeds 1 Vppd, 
but is below 1.25 Vppd, a slow attack current, Ich, 
discharges the BYP capacitor. The AGC amplifier gain 
is decreased. The slow attack current is 20 times that 
of the slow decay current. Thus, for a given BYP 
capacitor, the slow attack response time is quicker than 
the slow decay response. 

Fast Attack: When the DP/DN signal exceeds 1.25 
Vppd, the device enters a fast attack mode. A fast 
attack current, Ichf , discharges the BYP capacitor. The 
AGC amplifier gain is quickly lowered. The fast attack 
current is seven times that of the slow attack current. 
Note: 

1 . In a closed AGC loop, the sensitivity of Ao and K to 
typical process variations is irrelevant. The typical 



values of Ao and K are provided for reference only, and 
not tested in production. Ao = 1 1 , K = 0.22, VR = 3.6. 

USER CONTROL 

Fast Recovery: When FAST REC = 1 , a fast decay 
current, IDF, continuously charges the BYP capacitor. 
This function raises the AGC amplifier gain rapidly. 
This fast decay current is 20 x ID. The automatic AGC 
actions remains active in the Fast Recovery mode. 
With the large Fast Attack current, the DP/DN signal 
level quickly reaches an equilibrium at ~ 125% of 
nominal level. Without the Fast Recovery function, the 
AGC amplifier gain can only be slowly increased with 
the slow decay current. 

Hol d: All th e above AGC actions can be suspended 
with HOLD = 0. The AGC amplifier gain is held con- 
stant, except for any leakage effect at the BYP pin. 

While the Fast Recovery function reduces the AGC 
amplifier gain recovery time, the input impedance 
control function speeds up the input settling. In a Write 
Mode, a large DC voltage could be stored at the 
external AC coupling capacitors. When switched back 
to the Read Mode, the DC voltage across these capaci- 
tors must settle to its normal level. With LOW_Z = 1 , the 
input RC time constant is lower for fast input recovery. 

Programmable Filter 

The SSI 32P301 1 includes a programmable low pass 
filter following the AGC amplifier for (1 ) 2X voltage gain 
from the AGC amplifier output to the pulse qualifier 
input, (2) noise limiting, (3) pulse slimming, and (4) 
provision of a time differentiated signal. The low pass 
filter is of a 7-pole 2-zero Bessel type. The filter's un- 
boosted -3 dB bandwidth, defined as the cutoff fre- 
quency, is programmable from 5-18 MHz; the high 
frequency equalization is programmable from 0-13 dB 
at the cutoff frequency. 

The filter input is ac-coupled from the AGC amplifier 
output. The filter's normal low pass output is ac- 
coupled to the data channel of the pulse qualifier. The 
differentiated low pass output is ac-coupled to the time 
channel of the pulse qualifier. 

The normalized 7-pole 2-zero Bessel filter transfer 
function is given in Figure 1 . 

The cutoff frequency, fc, is programmable with 3 pins: 
RX, IFO and IFI. At the RX pin, an external resistor to 
ground establishes a reference current: 

o 75 

IFO=-^-,atT=27°C 
Rx 
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I Fl should be made proportional to I FO for fc tempera- 
ture stability. The cutoff frequency is related to the RX 
resistor, IFO and IFI currents as the following: 

,c(MHz)=22.5.|L_^_ 

For a fixed cutoff frequency setting, IFO and IFI can be 
tied together. The cutoff frequency equation then re- 
duces to: 1 

/C(MHZ) = 22 - 5 -R^O) 

For programmable cutoff frequency, an external cur- 
rent DAC can be used. IFO should be the reference 
current into the DAC. The DAC output current drives 
IFI, which is then proportional to the IFO. The DACF in 
the SSI 32D4661 Time Base Generator is designed to 
control fc of the Silicon Systems programmable filters. 
When the DACF, which has a 4X current gain from its 
reference to fullscale output, is used, 5 kQ RX is used. 
The fc is then given by: 

/c(MHz) = 18.^i 

where F_Code is the decimal code equivalent to the 7- 
bit input into the DACF. 

The high frequency equalization is programmable with 
two pins: VRG and VBP. The VRG is a bandgap 
reference voltage, 2.3V typically. The voltage at the 
VBP pin determines the amount of high frequency 
boost at the cutoff frequency. The boost function is as 
follows: 

Kb- VBP 

Boost(dB)=20log 10 [( I ^^-)+1] 

Kb = 0.03511 /c + 3.556 

fc is the ideal cutoff frequency in MHz. 

For a fixed boost setting, a resistor divider between 
VRG to ground can be used with the divided voltage at 
the VBP pin. For programmable equalization, an exter- 
nal voltage DAC can be used. VRG should be the 
reference voltage to the DAC. The DAC output voltage 
is then proportional to the VRG. The DAC in the SSI 
32D4661 is designed to control the magnitude equal- 
ization of Silicon Systems programmable filters. 

When DACs are used, the boost relation then reduces 
to: 

Boost(dB)=20log 10 [(Kb-§^|^)+1] 



Dual Hysteresis Comparator & Hysteresis 
Threshold Setting 

The SSI 32P301 1 uses a dual comparator architecture 
to allow independent positive and negative threshold 
qualification. Each signal peak which exceeds the 
threshold is qualified regardless of the previous quali- 
fied peak's polarity. This has the advantage of sup- 
pressing error propagation, if one signal peak is weak 
in magnitude and missed. 

The SSI 32P301 1 allows two implementations of hys- 
teresis: fixed by hysteresis threshold or DP/DN track- 
ing hysteresis threshold. Fixed hysteresis threshold 
can be simply done by setting a DC voltage at the VTH 
pin, such as a resistor divider from VCC to VRC. The 
hysteresis threshold at the comparator can be com- 
puted as Hysteresis Gain x (VTH - VRC). For high 
performance system applications, however, the DP/ 
DN tracking hysteresis threshold is recommended. 

DP/DN tracking hysteresis has the advantages of 
shorter write-to-read recovery time and lower probabil- 
ity of error with input amplitude drop out. The hysteresis 
threshold is designed as a percentage of the DP/DN 
peak voltage. This technique can be implemented by 
feeding the LEVEL output, through a resistor divider 
network, to the VTH pin. The LEVEL output is an 
amplified and rectified replica of the DP/DN voltage. It 
can be computed as: Level Gain x (DP - DN) ppd + 
VRC. With the resistor divider, a fraction of the LEVEL 
output is presented at the VTH pin. The hysteresis 
threshold, as a function of (DP - DN)ppd, can be 
summarized as: 

Level Gain x (DP - DN)ppd x Resistor Dividing Ratio x 
Hysteresis Gain. 

For a typical case of 1 Vppd at the DP/DN pins, assume 
equal value resistors in the divider network, the hyster- 
esis threshold is 0.75 x 1 x 0.5 x 0.445 = 0.17 V. This 
represents 34% hysteresis on a 1 Vppd signal. 

While both the Level Gain and the Hysteresis Gain 
bear moderate tolerance due to typical process varia- 
tions, they inversely track each other to yield a much 
tighter hysteresis threshold in a closed loop. In design- 
ing the hysteresis threshold, the nominal Level Gain 
and Hysteresis Gain values should be used. The 
tolerance on DP/DN tracking hysteresis threshold is 
specif ied as the Tracking Hysteresis Tolerance. With a 
1 5% tolerance in the above example, the % hysteresis 
is expected between 34% x (1-0.15) = 29% to 34% x 
(1+0.15) = 39%. 
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While the external resistor divider ratio determines the 
hysteresis threshold, the total resistance and the peak 
capture capacitor should be optimized for the system 
data rate. The RC time constant must be small enough 
to allow good response to changing DP/DN peak-to- 
peak, but large enough to provide a constant hyster- 
esis threshold in each level qualification. 

The SSI 32P301 1 provides a 4-Burst Servo Capture 
circuit. The signal at the DP/DN inputs is full wave 
rectified, level shifted and gated to servo peak detec- 
tor/latches. A servo differentiator block is available if 
servo signal differentiation is necessary. The transfer 
function from DP/DN input to the differentiator output is 
given as: 

Vout@ Differentiator 2380Cs 

(DP-DN)ppd "~LCS 2 +C(R+48.1)S+1 

where C, L and R are external passive components 
across SDIF+ and SDIF- 

15pF<C<125pF 

s = jco 



PIN DESCRIPTION 
INPUT PINS 



NAME 


TYPE 


DESCRIPTION 


VIA+, VIA- 




AGC Amplifier input pins. 


IN+, IN- 




Equalizer/filter input pins. 


DP, DN 




Data inputs to data comparators and fullwave rectifier. 


CP, CN 




Differentiated data inputs to the clock comparator. 


VTH 




Threshold level setting input for the data comparators. 


FAST REC 




TTL compatible input. When high, the device is In Fast Decay Mode. 


LOWZ 




TTL compatible input. When high, the input impedance is lower for faster 
write-to-read recovery. 


GTA,G7B, 
GTC, GTD 




TTL compatible input. When low the corresponding servo gate channel 
is enabled. 


HOLD 




TTL compatible input. When low the AGC action is suspended. 


RESET 




TTL input, when low, all four servo capture outputs are reset to a level below 
normal servo read bias. 



If servo signal differentiation is not needed, the servo 
differentiator can be turned into a ~1X gain block with 
a 2kft resistor across SDIF+ and SDIF-. 

One master reset control, RST, is used to initialize all 
four servo outputs, PKA-D, to a level below the offset 
bias of servo read data. Each servo burst is individually 
selected with its 5T- control. With GTA = 0, the DP/DN 
signal is full wave rectified and gated to PKA output. 
The PK- output is a peak captured 1 Vp signal biased at 
2.0V. The output signal can be between 2.0V to 3.0V. 
Figure 2 shows a typical servo timing sequence and the 
respective outputs. 
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PIN DESCRIPTION 
OUTPUT PINS 



NAME 


TYPE 


DESCRIPTION 


VOA+, VOA- 





AGC amplifier output pins. 


ON+, ON- 





Equalizer/filter norma! output pins. 


OD+, OD- 





Equalizer/filter differentiated output pins. 


DO 





ECL compatible data comparator latch output pin. 


RD, RD 





ECL compatible read data output pins. 


SDIF+, SDIF- 




Pins for external differentiating network for servo data. 


PKA, PKB 
PKC, PKD 





Peak detector outputs. A 1000 pF hold capacitor must be connected 
between PKX and AGND. These outputs are high impedance when not 
enabled by GTX 


ANALOG PINS 


VRC 




Reference voltage pin. VRC is referenced to VCA. 


VRG 




Reference voltage pin for the programmable filter. VRG is referenced to 
ground. 


VBP 




The equalizer high frequency boost is set by an external voltage applied to 
this pin. VBP must be proportional to VRG. Programmable boost is imple- 
mented by using a DAC that uses VRG as its reference. A fixed amount of 
boost can be set by an external resistor divide network connected from VBP 
to VRG and GND. 


RX 




Pin to set filter reference current. External resistor Rx from this pin to ground 
sets the filter reference current IFO. 


IFO 




Reference current output pin. The reference current is normally supplied 
as the reference current to a current DAC which generates the program- 
mable input current for the IFI pin. 


IFI 




Programmable filter input current pin. The filter cutoff frequency is propor- 
tional to the current into this pin. The current must be proportional to the 
reference current out of IFO. A fixed filter cutoff frequency is generated by 
connecting IFO to IFI and selecting Rx to set the desired frequency. 


BYP 




The AGC integrating capacitor Ca is connected between BYP and VCA. 


VCA, VCD 




Analog and Digital +5 volts. 


AGND, DGND 




Analog and Digital grounds. Must be tied together for proper operation. 
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ELECTRICAL SPECIFICATIONS 

Unless otherwise specified, 4.5V < Vcc < 5.5V, 0°C<Ta<70°C 
ABSOLUTE MAXIMUM RATINGS (Operation above maximum ratings may damage the device.) 



PARAMETER 


VALUE 


Storage Temperature 


-65°Cto+150°C 


Junction Operating Temperaturejj 


+130°C 


Supply Voltage, VCA, VCD 


-0.7to7V 


Voltage Applied to Inputs 


-0.7 to VCA, VCD V 


RECOMMENDED OPERATING CONDITIONS 


PARAMETER 


RATING 


Supply Voltage VCA = VCD = VCC 


4.5V < VCC < 5.5V 


Ambient Temperature, Ta 


0°C<Ta<70°C 



POWER SUPPLY 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


PD Power Dissipation 


Outputs unloaded 

4.5V < VCA, VCD < 5.5V 




490 


650 


mW 


LOGIC SIGNALS 


VIL TTL Input Low Voltage 




-0.3 




0.8 


V 


VIH TTL Input High Voltage 




2.0 




VCC +0.3 


V 


IIL TTL Input Low Current 


VIL = 0.4V 


-0.4 






mA 


IIH TTL Input High Current 


VIH = 2.7V 






0.1 


mA 


VOL ECL Output High Voltage 


VCC = 5V 


VCC 
-1.2 






V 


VOE ECL Differential Output 
Swing 


VCC = 5V 


0.3 






Vpp 


TRF EC1 Output Rise and 
Fall Time 


CL<10pF 






3.5 


ns 


TS Control Input Switching 
Times 








0.1 


us 


VOLT TTL Output Low Voltage 


IOL = 4 mA 


0.5 






V 


VOHT TTL Output High Voltage 


IOH = -400 mA 






2.7 


V 



2-96 



SSI 32P3011 
Pulse Detector with 
Programmable Filter 



AGC AMPLIFIER 

The input signals are AC coupled to VIA+ and VIA-. VOA+ and VOA- are AC coupled to IN+ and IN-. ON+ and 
ON- are AC coupled to DP and DN. CalOOOpF. Fin = 4 MHz. Unless otherwise specified, the output is 
measured differentially at VOA+ and VOA-. 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


1 Ikl IT 

UNIT 




Pillar Knnct at 4n — fi HR 

riiiei uuubi ai jc = u ud 


OA 




CsW) 


iiivppu 


Filter boost at /c = 11 dB 


20 




100 


mVppd 


VD DP-DN Voltage 


VIA± = 0.1 Vppd 


0.90 




1.10 


Vppd 


VDV DP-DN Voltage Variation 


24 mV < VIA± < 240 mV 






8.0 


% 


AV Gain Range 




1.9 




22 


v/v 


AVPV Gain Sensitivity 

w.r.t. BYP Voltage 






28 




dB/V 


DR VOA+ VOA- 

Dynamic Range 


THD = 1% max 


.75 






VDDd 


RINDA Differential Input 
Impedance 


LOWZ = 


4.7 




8.4 




LOWZ = 1 




1 






RINSA Single Ended Input 
Impedance 


LOWZ = 




3 




kQ 


LOWZ = 1 




0.5 




ka 


VOS Differential Output Offset 
Variation 


from min. gain to max. gain 


-200 




+200 


mV 


VIN Input Referred Noise 
Voltage 


gain = max, Rs « 0Q 

filter not connected to VOA+ 

and VOA-, Bw = 15 MHz 






15 


nV/VHz 


BW Bandwidth 


No AGC action, Gain = 22 


55 






MHz 


CMRR Common Mode Rejection 
Ratio 


gain = 22, Vin = VDC + 
100 mVpp@5MHz 


40 






dB 


PSRR Power Supply Rejection 
Ratio 


gain = 22, 100 mVpp on VCA, 
VCD @ 5 MHz 


45 






dB 


TGD Gain Decay Time 


VIA± = 240mVto120 mV 
VOA± < 0.9 Final Value 
IF! = 600 pA 




25 




MS 


TGA Gain Attack Time 


VIA± = 120mVto240 mV 
VOA±<1.1 Final Value 
IFI = 600 pA 




25 




MS 
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ELECTRICAL SPECIFICATIONS (continued) 

Unless otherwise specified, 4.5V<VCC<5.5V, 0°C<Ta<70°C 

AGC CONTROL 

The input signals are AC coupled to DP and DN. Ca = 1 000 pF. 



n A n A in i i_r*> 

PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


VDI DP-DN Signal Input 
Range 








1.5 


Vpp 


ID Discharge Current 


WG = 1,DP-DN = 0V 




0.008 x 
IFI 




A 


IDF Fast Discharge Current 






20 x Id 




A 


ICH Charge Pump Attack 
Current 


WG = 1, DP -DN = 0.55V 




30xld 




A 


ICHF Charge Pump Fast Attack 
Current, Ichf 


WG = 1, DP -DN = 0.675V 




7xlch 




A 


IK BYP Pin Leakage Current 


HOLD = 


-0.1 




+0.1 


uA 


VRC VRC Reference Voltage 






VCA 
-VRG 




V 


IVRC VRC Output Drive 




-0.75 




+0.75 


mA 


VRG VRG Reference Voltage 


Isource 0mA to 1 mA 


2.2 




2.45 


V 


EQUALIZER/FILTER 

The input signals are AC coupled to IN+ and IN-. 


fc Filter Cutoff Frequency 


/c( M Hz)=22.5. | ^ ) . Rx( 1 k£2) 


5 




18 


MHz 


IFO IFO Reference Current 


IFO « 0.75/RX; Tj = 27°C 
5kQ>RX>1.25kft 


0.15 




0.6 


mA 


RIFO IFO Output Impedence 


IFO = 0.6 mA @ Tj = 27°C 


25 






kQ 


VIFO IFO Output Voltage 
Compliance 


IFO = changes < 2.5% 







Vcc 
-1.5 


V 


IFI IFI Program Current 
Range 


Tj = 27°C, 27 MHz > fc> 
9 MHz 


0.167 




0.6 


mA 


RIFI IFI Input Impedence 


IFI = 0.6 mA @ Tj = 27°C 






2.5 


kil 


VIFI IFI Input Bias Voltage 


IFI = 0.6 mA @ Tj = 27°C 


0.75 




2.5 


V 


FCA FCA Filter FC Accuracy 


/c = 18 MHz 


-10 




10 


% 


RX RX Range 




1.25 




5 


kQ 


AO Normal Low Pass Gain 
AO = (ON ±) / (IN±) 


Fin = 0.67/c 


1.4 




2.2 


V/V 


AD Differentiated Low Pass 
Gain 

AD = (OD±)/(IN±) 


Fin = 0.67/c 


0.9AO 




1.3AO 


v/v 
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EQUALIZER/FILTER (continued) 

The input signals are AC coupled to IN+ and IN-. 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


FBA Boost Accuracy 


VBP = VRG /c = 5 MHz 


12 


13.5 


15 


dB 


/c=18MHz 


12.8 


14.3 


15.8 


dB 


VBP/VRG = 0.533 /c = 5MHz 


8.5 


9.5 


10.5 


dB 


/c = 18MHz 


9.2 


10.2 


11.2 


dB 


TGD1 Group Delay Variation 
TGD2 


fc = 18 MHz, VBP = to VRG 
fc > Fin > 0.3 fc 


-0.75 




+0.75 


ns 


fc = 5 to 1 8 MHz, VBP = to VRG 
fc > Fin > 0.3 fc 


-2.5 




+2.5 


% 


VOSVF Output Offset Voltage 
Variation 


150 uA< IFI <600uA 


-200 




+200 


mV 


DRF VOF Filter Output 
Dynamic Range 


THD = 1.5% max 
Fin = 0.67 fc 


1.5 






Vpp 


RINF Filter Input Resistance 




3.0 


4 




kQ 


CINF Filter Input Capacitance 








7 


PF 


ROF Filter Output Resistance 


IO = 0.5 mA 






60 


Q. 


IOF Filter Output Current 




-1.0 




2.0 


mA 


VNN Eout Output Noise 
Voltage; ON+, ON- 


BW= 100 MHz, RS = 50Q 
VBP = 0, fc = 27 MHz 




2.7 




mVRms 


BW= 100 MHz, RS = 50Q 
VBP = VRG, fc = 27 MHz 




5.7 




mVRms 


VND Eout Output Noise 
Voltage; OD+, OD- 


BW=100 MHz, RS = 50Q 
VBP = 0, fc = 27 MHz 




5.5 




mVRms 


BW=100 MHz, RS = 50Q 
VBP = VRG, fc = 27 MHz 




13.0 




mVRms 



DATA COMPARATOR 

The input signals are AC coupled to DP and DN. 



VID DP-DN Signal Range 








1.5 


Vpp 


RIND Differential Input 
Resistance 




8 




14 


kQ 


CIND Differential Input 
Capacitance 








5 


PF 


VOSD Comparator Offset 
Voltage (Note 1) 








4 


mV 
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DATA COMPARATOR (continued) 

The input signals are AC coupled to DP and DN. 



DADAMCTCD 

r AnAlvIt: 1 tn 


UUIMUI 1 lUIMb 


MIM 

MIN 


MOM 
NUM 


MAY 

maa 


1 IKIIT 
UNI 1 


GLEV Level Output Gain 


DP-DN = 0.25 to 0.5 VDC 


0.712 




0.788 


v/v 


RLEV Level Output Resistance 






120 




a 


HYS Threshold Voltage Gain 


0.2V <VTH-VRC< 1.1V 


0.41 




0.48 


v/v 


VSH Threshold Voltage 
Hysteresis (Note 1) 






.20 x 
GHYSx 

(VTH 
-VRC) 




v/v 


TPDD Propagation Delay 


From DP-DN to DO 




6 




ns 


IVTH VTH Input Bias Current 








2 


ma 



CLOCKING 

The input signals are AC coupled to CP and CN. 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


VIC CP-CN Signal Range 








1.5 


Vppd 


VOSC Comparator Offset 
Voltage 








4 


mV 


RINC Differential Input 
Resistance 




8 




14 




CINC Differential Input 
Capacitance 








5 


pF 


TDS D Flip-Flop Set Up Time 


DP-DN threshold to CP-CN 
zero cross, CP-CN = 1 Vppd 
at 18 MHz 









ns 


PP Pulse Pairing 








0.5 


ns 


TPDC Propagation Delay from 

CP-CN zero crossing 
to RD 






9 




ns 


PWRD RD Output Pulse Width 
Accuracy 


PW = 9X18//c(MHz) ns 


-20 




+20 


% 
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SERVO DIFFERENTIATOR/FULL-WAVE RECTIFIER 

An external series network is connected between SDIF and SDIF to determine the servo differentiator 
transfer function. The input signals are AC coupled to DP and DN. Fin = 6.7 MHz at 1 .0 Vppd. 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


ISDIF SDIF to SDIF pin current 


Differentiator impedance must 
must be set so as not to dip 
the signal for this level 


0.7 


1.0 


1.3 


mA 


RDIF Internal differentiator 
pull-up resistors 


Cannot be directly tested 


1.0 


1 .2 


1.4 




FWR Input voltage range to 
maintain FWR voltage 
gain 


Cannot be directly tested 


0.1 




1.2 


Vppd 


RERR Rectification Error 








5 


% 


AFWR FWR Voltage Gain from 
FWR Input to PKA-D 




0.72 


0.9 


1.08 


Vpp/Vppd 


VCOS PKA-D Channel to 
Channel Offset 


1 Vppd input to servo FWR 


-10 




+10 


, mV 


PKOB PKA-D Output Bias 




1.8 


2 


2.2 


V 


rl\ rl\A-U UUipUl LeveiS 




rl\Ub 




rl\vjD+ I 


v 


PKRST PKA-D Output Reset 
Level 


RESET = Low 


PKOB-1 




PKOB-0.1 


V 


IRST PKA-D Peak Reset 
Discharge Current on 
each output 




480 


700 


1000 


uA 


PKL K PKA-D 1 pakanp fiurrpnt 

i f\ rr\n \j i— ccirxciy c vsuiiciii 


\j\ Idl II ICI UIO&UICU. 

DP-DN = 1 Vpdd 






10 


uA 


IPK PKA-D Peak Charging 
Current 




10 


20 




mA 


TRON Reset Current Turn On 
Delay from RST Fall 








50 


ns 


TROFF Reset Current Turn Off 
Delay from RST Rise 








100 


ns 


TSUR RST Rise Setup Time to 
GT-Falls 




100 






ns 


TSUG GT-Rise Setup Time to 
Next GT-Fall 




100 






ns 
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RST 



GTA 



GTE 



TSUR 
I 



ti 



TSUG 
— H 



GTC 



GTD 



TRON 



Reset 

Discharging 
Current — 



PKA 



PKB 



PKC 



■TROFF 



7*~ 



-—_=U ^2 



Offset Bias 



Reset Level / 



PKD 



1 =-.. 



FIGURE 2: Servo Capture Timing Sequence 
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THERMAL CHARACTERISTICS: 6ja 
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VIA- 


c 


1 


44 


] 


BYP 


VIA+ 


c 


2 


43 


] 


VRC 


VRG 


[ 


3 


42 


] 


VTH 


VOA+ 


[ 


4 


41 


] 


PKA 


VOA- 


[ 


5 


40 


] 


PKB 


IN+ 


[ 


6 


39 


] 


PKC 


IN- 


[ 




38 


] 


PKD 


VBP 


c 


8 


37 


] 


GTD 


IFO 


[ 


9 


36 


] 


gtc 


RX 


[ 


10 


35 


3 


gtb 


IFI 


c 


11 


34 


] 


gta 


AGND 


[ 


12 


33 


3 


SDIF- 


ON+ 


[ 


13 


32 


3 


SDIF+ 


ON- 


[ 


14 


31 


3 


HOLD 


OD+ 


[ 


15 


30 


3 


FASTREC 


OD- 


[ 


16 


29 


3 


LOWZ 


DN 


c 


17 


28 


3 


DGND 


DP 


[ 


18 


27 


3 


RESET 


CN 


[ 


19 


26 


3 


VCD 


CP 


c 


20 


25 


3 


m 


VCA 


c 


21 


24 


3 


RD 


DO 


[ 


22 


23 


3 


LEVEL 



32P3011 
44-Lead SOM 



ORDERING INFORMATION 



PART DESCRIPTION 


ORDERING NUMBER 


PACKAGE MARK 


SSI32P3011 


36-Lead Small Outline (31 .6 mil pitch) 


32P3011-CM 


32P3011-CM 



Preliminary Data: Indicates a product not completely released to production. The specifications are based on preliminary evaluations and 
are not guaranteed. Small quantities are available, and Silicon Systems should be consulted for current information. 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other 
rights of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. 
Silicon Systems reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to 
verify that the data sheet is current before placing orders. 
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DESCRIPTION 

The SSI 32P3013 is a bipolar integrated circuit that 
provides all the data processing for pulse detection and 
four-burst servo capture from encoded read signals. This 
device can handle a NRZ data rate of 48 Mbit/s. 

The SSI 32P3013 includes an AGC amplifier with AGC 
charge pump, a programmable 7-pole Bessel low pass 
filter, a pulse qualification circuit, and a 4-burst servo 
capture circuit. Automatic AGC control maintains a 
constant signal level into the pulse qualifier, and 
achieves fast write-to-read recovery. A time 
differentiator is included in the servo signal path, if so 
needed. 

Ideal for constant density recording applications, the 
SSI 32P3013 low pass filter has a programmable 9-27 
MHz bandwidth and 0-13 dB boost for pulse slimming. 
A time derivative of the read signal is also provided by 
the filter for time qualification in peak detection. 

The SSI 32P3013 requires only a +5V power supply 
and is available in a 44-pin SOM package. 
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January 1993 

FEATURES 

• Compatible with 48 Mbit/s data rate operation 

• Fast attack/decay modes for rapid AGC recovery 

• Automatic AGC actions: Low Drift AGC hold, fast 
AGC recovery, and low AGC input impedance 
control signals 

• Includes programmable pulse slimming equaliza- 
tion and programmable channel filter and 
differentiator with no external filter components 

• ±0.5 ns filter group delay variation from 0.3FC to 
FC, FC = 27 MHz 

• Independent positive and negative threshold 
qualif ication to suppress error propagation 

• 0.5 ns max pulse pairing 

• Servo differentiator and 4-burst servo capture 

• +5V only operation 

• 44-pin SOM package 



BLOCK DIAGRAM 
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FUNCTIONAL DESCRIPTION 

The SSI 32P301 3 Pulse Detector/Filterwlth 4-Burst 
Servo Capture is designed to support a 48 Mbit/s NRZ 
data rate. The signal processing circuits include a wide 
band variable gain amplifier, a sophisticated dual-rate 
AGC charge pump, a programmable electronic filter, a 
pulse qualifier, a servo differentiator and a 4-burst 
servo capture circuit. 

Modes of Operation 

The SSI 32P3013can operate in one of three modes 
as controlled by RG and WG. 

Normal Read Mode RG = 0, WG = 1 

In the normal Read Mode, the AGC actions are 
active. The AGC amplif ier processes the input 
signal pulses; one-shot pulses are generated 
at the RD and R D out puts for each qualified 
signal peak. The RDO output buffer, which is 
a TTL buffer of the RD/RD, is disabled and its 
output is pulled up high to reduce jitter and 
noise. 

Servo Read Mode RG = 1, WG = 1 

In the servo Read Mode, the AGC actions 
remain active (See note 1 ). The servo signal is 
amplified, f ullwave rectified, differentiated and 
gated to the proper peak capture capacitor. 
The p ulse qualifier remains active, and the 
RDO output is active to aid in servo decode. 

Write Mode RG = X, WG = 

In the Write Mode, the AGC actions are sus- 
pended. The AGC amplifier input impedance 
is cla mped low to facilitate fast recovery. The 
RDO output is disabled and pulled up high to 
reduce jitter and noise. 

AGC Amplifier 

The wide band AGC amplifier amplifies the read signal 
from the read/write pre-amp to a signal level accept- 
able at the pulse qualifier. The AGC amplifier gain is an 
exponential function of the BYP voltage when refer- 
enced to VR. 



Av = Ao exp [ r. ' ] (See note 2) 

K 



AGC Actions 

The AGC loop maintains a constant DP/DN signal level 
at a nominal level, -1 Vppd. The AGC actions are 
current charging and discharging to/from the external 
BYP integrating capacitor, and are classified into the 
following modes: 

Normal Read and Servo Read Mode 
(RS = X,W5=1) 

Slow Decay: When the DP/DN signal is below 1 Vppd, 
a slow decay current, Id, charges the BYP capacitor. 
The AGC amplifier gain is increased slowly. This slow 
decay current tracks with the bandwidth of the filter. 
Id = 0.008 x IFI. At T = 27°C, the typical Id is 4.8 uA when 
the filter cutoff frequency is 27 MHz. 

Slow Attack: When the DP/DN signal exceeds 1 Vppd, 
but is below 1.25 Vppd, a slow attack current, Ich, 
discharges the BYP capacitor. The AGC amplifier gain 
is decreased. The slow attack current is 20 times that 
of the slow decay current. Thus, for a given BYP 
capacitor, the slow attack response time is quicker than 
the slow decay response. 

Fast Attack: When the DP/DN signal exceeds 1.25 
Vppd, the device enters a fast attack mode. A fast 
attack current, Ichf , discharges the BYP capacitor. The 
AGC amplifier gain is quickly lowered. The fast attack 
current is seven times that of the slow attack current. 

In servo Read Mode, constant AGC amplifier gain is 
generally desirable. Without an external AGC hold 
control, the servo data amplitude should be made 
lower than that of the data signal prior to the servo read 
mode. The SSI 32P3013 then enters the slow decay 
mode, which has a very slow effect on the AGC 
amplifier gain. 

Write Mode (RS = X, WS = 0) 

In the write mode, the AGC charge pump is disabled. 
This holds the AGC amplifier gain at its previous value. 

Notes: 

1 . The servo signal should have a lower amplitude than 
the data signal prior to the servo read mode. Servo 
read should be completed before and significant 
change in AGC amplifier gain is resulted from the slow 
decay AGC mode. 

2. In a closed AGC loop, the sensitivity of Ao and K to 
typical process variations is irrelevant. The typical 
values of Ao and K are provided for reference only, and 
not tested in production. Ao = 1 1 , K = 0.22, VR = 3.6. 
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Write-toRead Transition 
(R5 = X, WS = 0-to-l) 

When the SSI32P301 3 switches from the write to read 
mode, i.e., WG 0-to-1 transition, the device remains in 
the low input impedance state for a preset time period. 
For the next time period, the device then enters either 
the fast decay or attack mode depending on the signal 
level at the DP/DN pins. The time period, t, is deter- 
mined by an external resistor, RT, from the LZ/FD pin 
to ground. 

RT(kQ) 



T(U5) = 



28 



For example, with RT = 30 kQ, each time period is 1 .07 
us. 

Programmable Filter 

The SSI 32P3013 includes a programmable low pass 
f ilterfollowing the AGC amplifier for (1 ) 2X voltage gain 
from the AGC amplifier output to the pulse qualifier 
input, (2) noise limiting, (3) pulse slimming, and (4) 
provision of a time differentiated signal. The low pass 
filter is of a 7-pole 2-zero Bessel type. The filter's un- 
boosted -3 dB bandwidth, defined as the cutoff fre- 
quency, is programmable from 9-27 MHz; the high 
frequency equalization is programmable from 0-13 dB 
at the cutoff frequency. 

The filter input is ac-coupled from the AGC amplifier 
output. The filter's normal low pass output is ac- 
coupled to the data channel of the pulse qualifier. The 
differentiated low pass output is ac-coupled to the time 
channel of the pulse qualifier. 

The normalized 7-pole 2-zero Bessel filter transfer 
function is given in Figure 1 . 

The cutoff frequency, fc, is programmable with 3 pins: 
RX, IFO and IFI. At the RX pin, an external resistor to 
ground establishes a reference current: 



o 75 

IFO=-^AatT=27°C 



Rx 



I Fl should be made proportional to I FO f or fc tempera- 
ture stability. The cutoff frequency is related to the RX 
resistor, IFO and IFI currents as the following: 

/c(MHz)=27--^---i|^- 
J v ' IFO Rx(kn) 

For a fixed cutoff frequency setting, IFO and IFI can be 
tied together. The cutoff frequency equation then re- 
duces to: 1 25 

> C(MHZ)=27 -R^I) 
For programmable cutoff frequency, an external cur- 
rent DAC can be used. IFO should be the reference 
current into the DAC. The DAC output current drives 
IFI, which is then proportional to the IFO. The DACF in 
the SSI 32D4661 Time Base Generator is designed to 
control fc of the Silicon Systems programmable filters. 
When the DACF, which has a 4X current gain from its 
reference to fullscale output, is used, 5 kQ RX is used. 
The fc is then given by: 

/c(MHz) = 27.^i 

where F_Code is the decimal code equivalent to the 7- 
bit input into the DACF. 

The high frequency equalization is programmable with 
two pins: VRG and VBP. The VRG is a bandgap 
reference voltage, 2.3V typically. The voltage at the 
VBP pin determines the amount of high frequency 
boost at the cutoff frequency. The boost function is as 
follows: 

Kb*VBP 

Boost(dB) =20 Io 91 o [ ( ° RQ ) + 1 ] 

Kb = 3.041 + 0.0276 • fci 

where fci is the ideal cutoff frequency in MHz. 

For a fixed boost setting, a resistor divider between 
VRG to ground can be used with the divided voltage at 
the VBP pin. For programmable equalization, an exter- 
nal voltage DAC can be used. VRG should be the 
reference voltage to the DAC. The DAC output voltage 
is then proportional to the VRG. The DAC in the SSI 
32D4661 is designed to control the magnitude equal- 
ization of Silicon Systems programmable filters. 



input ■ 



S+3.22597S+ 2.94933 



^0- 



-KS 2 



S z + 3.22597S + 294933 



3.32507 




4.20534 


S 2 + 2.75939S + 3.32507 




S 2 + 1. 82081 S + 4.20534 



Transfer function normalized for W = 2rcfc = 1 
An and Ad are adjusted for gain of 2 at f = 0.67fc. 
Frequency scaling S = S/2icfc 



FIGURE 1: Bessel Filter Transfer Function 
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When DACs are used, the boost relation then reduces 
to: 

Boost(dB)=20log 10 [(Kb--§=|^)+1] 
Pulse Qualification 

The SSI 32P3013 validates each DP/DN peak by a 
combination of level qualification and time qualifica- 
tion. In level qualification, a dual-comparator threshold 
detection eliminates errors due to low level additive 
noise. In time qualification, the filter's differentiated 
output is used to locate signal peaks. 

Level Qualification 

The dual-comparator architecture allows inde- 
pendent detection for positive and negative 
peaks. One comparator detects a positive 
peak by comparing the data signal with a 
positive threshold. The other comparator de- 
tects a negative peak by comparing the data 
signal with a negative threshold. Each com- 
parator has a small hysteresis, 20% of the set 
threshold, to help qualify signals which just 
clear the set threshold. 

The SSI 32P3013 comparator thresholds are 
set by a DC voltage at the VTH pin, such as 
from a resistor divider from VCA to VRC (see 
note 3). The threshold at each comparator can 
be computed as: Hysteresis Gain x (VTH - 
VRC). The thresholds at the two comparators 
are of the same magnitude, but of opposite 
polarity. 

The SSI 32 P30 1 3 has three sets_of pulse detector 
outputs: RD/RD, RDO, and DO/DO. RD/RD output is 
the pseudo-ECL differential output. Corresponding to 
each validated peak of the DP/DN signal, a one-shot 

PIN DESCRIPTION 
INPUT PINS 



pulse occurs at the RD/RD output. The pulse width of 
the one-shot pulse is determined by an internal timing 
circuit, and specified in the electrical specification. 

RDO is the TTL output of the pulse detector, logically 
equ ivalen t to RD/RD. Again, a one-shot pulse occurs at 
the RDO output for each validated peak of the DP/DN 
signal. The pulse width of this one-shot p ulse is also 
specified in the electrical specification. DO/DO outputs 
are differential test points used to monitor the outputs 
of the internal comparators. Each is an open-emitter 
output requiring a 5 kft external resistor pull-down to 
ground. 

Four-Burst Servo Differentiator and Capture 

The SSI 32P3013 supports advanced embedded 4- 
burst servo technique. The signal at the DP/DN input 
can be time differentiated, fullwave rectified, and gated 
onto the selected peak capture output. A peak capture 
output is selected by pulling its corresponding GT x to 
logic '0.' 

The transfer function from the DP/DN to the servo 
fullwave rectifier input is: 

= 2380CS 

LCs 2 +(R+48.1)Cs+1 
where: R, L, and C are external passive components 
across SDIF± 

15pF<C<125pF 
s = jw 

When the time differentiation function is not desired, a 
2 kQ resistor should be used across the SDIF± pins. 

The transfer function from the servo fullwave rectifier 
input to the peak capture output is set so that a 1 Vppd 
DP/DN signal produces 0.95 Vpeak output. With no 
signal input, the outputs are set close to ground, with a 
finite offset common to all four channels. 

Note 3: VCA is the +5V supply. VRC is the bandgap 
voltage referenced from VCA, i.e., VRC = VCA - VRG. 



NAME 


TYPE 


DESCRIPTION 


VIA+, VIA- 




AGC Amplifier input pins. 


IN+, IN- 




Equalizer/filter input pins. 


DP, DN 




Data inputs to data comparators and fullwave rectifier. 


CP, CN 




Differentiated data inputs to the clock comparator. 


VTH 




Threshold level setting input for the data comparators. 


WG 




TTL compatible input. When low the device is in Write Mode. 
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PIN DESCRIPTION 

INPUT PINS (continued) 



NAME 


TYPE 


DESCRIPTION 


RG 


I 


TTL compatible input. When low, the device is In normal Read Mode. 


WG 


I 


TTL compatible input. When low, the device is in Write Mode. When both RG 
and WG are low, the device is in Servo Mode. 


GTA, gTb, 
GTC, GTD 


I 


TTL compatible input. When low the corresponding servo gate channel 
is enabled. 


HOLD 


I 


TTL compatible input. When low the AGC action is suspended. 


OUTPUT PINS 


VOA+, VOA- 





AGC amplifier output pins. 


ON+, ON- 





Equalizer/filter normal output pins. 


OD+, OD- 





Equalizer/filter differentiated output pins. 


DO 





ECL compatible data comparator latch output pin. 


RD, RD 





ECL compatible read data output pins. 


RDO 





TTL compatible read data output. 


SDIF+, SDIF- 




Pins for external differentiating network for servo data. 


PKA, PKB 
PKC, PKD 





Open npn emitter outputs that provide a fullwave rectified signal from the 
servo differentiator. These outputs are referenced to AGND. These outputs 
are high impedance when not enabled by GTX 


ANALOG PINS 


VRC 




Reference voltage pin for SERVO and LEVEL. VRC is referenced to VCA. 


VRG 




Reference voltage pin for the programmable filter. VRG is referenced to 
ground. 


VBP 




The equalizer high frequency boost is set by an external voltage applied to 
this pin. VBP must be proportional to VRG. Programmable boost is 
implemented by using a DAC that uses VRG as its reference. A f ixed amount 
of boost can be set by an external resistor divide network connected from 
VBP to VRG and GND. 


RX 




Pin to set filter reference current. External resistor Rx from this pin to ground 
sets the filter reference current IFO. 


IFO 




Reference current output pin. The reference current is normally supplied 
as the reference current to a current DAC which generates the program- 
mable input current for the IFI pin. 


IFI 




Programmable filter input current pin. The filter cutoff frequency is propor- 
tional to the current into this pin. The current must be proportional to the 
reference current out of IFO. A fixed filter cutoff frequency is generated by 
connecting IFO to IFI and selecting Rx to set the desired frequency. 


LZ/FD 




Pin for external resistor to set timing for both Low-Z input and fast decay 
modes. 


BYP 




The AGC integrating capacitor Ca is connected between BYP and VCA. 


VCA, VCD 




Analog and Digital +5 volts. 


AGND, DGND 




Analog and Digital grounds. 
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ELECTRICAL SPECIFICATIONS 

Unless otherwise specified, 4.5V < VCC < 5.5V, 0°C<Ta<70°C 
ABSOLUTE MAXIMUM RATINGS (Operation above maximum ratings may damage the device.) 



PARAMETER 


VALUE 


Storage Temperature 


-65tO+150°C 


Junction Operating Temperaturejj 


+130°C 


Supply Voltage, VGA, VCD 


-0.7to7V 


Voltage Applied to Inputs 


-0.7 to VCA + 0.7V, -0.7 to VCD + 0.7V 


RECOMMENDED OPERATING CONDITIONS 


PARAMETER 


RATING 


Supply Voltage VCA = VCD = VCC 


4.5V < VCC < 5.5V 


Ambient Temperature, Ta 


0°C<Ta<70°C 



POWER SUPPLY 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


PD Power Dissipation 


Outputs unloaded 

4.5V < VCA, VCD < 5.5V 




490 


625 


mW 


LOGIC SIGNALS 


VIL TTL Input Low Voltage 




-0.3 




0.8 


V 


VIH TTL Input High Voltage 




2.0 




VCC +0.3 


V 


IIL TTL Input Low Current 


VIL = 0.4V 


-0.4 






mA 


IIH TTL Input High Current 


VIH = 2.7V 






0.1 


mA 


VOHE ECL Output High Voltage 




VCC 
-1.02 




VCC 
-0.4 


V 


VES ECL Differential Output 
Swing 




0.3 




0.6 


V 


TRF EC1 Output Rise and 
Fall Time 


CL<10pF 






3.5 


ns 


TS Control Input Switching 
Times 








0.1 


us 


VOLT TTL Output Low Voltage 


IOL = 4mA 


0.5 






V 


VOHT TTL Output High Voltage 


IOH = -400 mA 






2.7 


V 
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AGC AMPLIFIER 

The input signals are AC coupled to VIA+ and VIA-. VOA+ and VOA- are AC coupled to IN+ and IN-. ON+ and 
ON- are AC coupled to DP and DN. CalOOOpF. Fin = 4 MHz. Unless otherwise specified, the output is 
measured differentially at VOA+ and VOA-. 



PARAMETER 




MIM 




MAY 


UNIT 


VI B Input Range 


Filter boost at i c = dB 


24 




240 


mVppd 


Filter boost at /c = 11 dB 


20 




100 


mVppd 


VD DP-DN Voltage 


VIA± = 0.1 Vppd 


0.90 




1.10 


Vppd 


VDV DP-DN Voltage Variation 


24 mV < VIAppd < 240 mV 






8.0 


% 


AV Gain Range 




1.9 




22 


V/V 


AVPV Gain Sensitivity 
w.r.t. BYP Voltage 






28 




dB/V 


DR VOA+ VOA- 

Dynamic Range 


THD = 1% max 


.75 






Vppd 


RINDA Differential Input 
Impedance 


WG = 1 


3.7 




7.4 


kQ 


WG =0 




300 




a 


RINSA Single Ended Input 
Impedance 


WG = 1 




3 






WG = 




150 




a 


VOS Differential Output Offset 
Variation 


from min. gain to max. gain 


-200 




+200 


mV 


VIN Input Referred Noise 
Voltage 


gain = max, Rs = 0Q 
filter not connected to 

\//"\A . .- -J \ if\ A D\a f a r- \ ji ■_ 

VOA+ and VOA-, BW = 15 MHz 






20 


nV/VHz 


BW Bandwidth 


No AGC action, Gain = 22 


55 






MHz 


CMRR Common Mode Rejection 
Ratio 


gain = 22, Vin = VDC + 
100 mVpp @ 5 MHz 


40 






dB 


PSRR Power Supply Rejection 
Ratio 


gain = 22, 100 mVpp@ 
5 MHz on VCA, VCD 


45 






dB 


TGD Gain Decay Time 


VIA± = 120mVto240mV 
VOA± < 0.9 Final Value 
IFI = 600mA 




25 




MS 


TGA Gain Attack Time 


VIA± = 120mVto240mV 
VOA±<1.1 Final Value 
IFl = 600 mA 




25 




MS 
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ELECTRICAL SPECIFICATIONS (continued) 
Unless otherwise specified, 4.5V<VCC<5.5V, 0°C<Ta<70°C 
AGC CONTROL 

The input signals are AC coupled to DP and DN. Ca = 1000 pF, 1 10 uA<IFI<600 uA. 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


VDI DP-DN Signal Input 
Range 








1.5 


Vpp 


ID Discharge Current 


WG = 1, DP-DN = 0V 




0.008 x 
IFI 




A 


IDF Fast Discharge Current 






20xld 




A 


ICH Charge Pump Attack 
Current 


WG = 1 , DP - DN = 0.55V 




40 x Id 




A 


ICHF Charge Pump Fast Attack 
Current, Ichf 


WG = 1, DP -DN = 0.675V 




7xlch 




A 


IK BYP Pin Leakage Current 


WG or HOLD = 0, 
VBYP = VCC-1.5V 


-0.1 




+0.1 


MA 


VRC VRC Reference Voltage 






VCA 
-VRG 




V 


IVRC VRC Output Drive 




-0.75 




+0.75 


mA 


VRG VRG Reference Voltage 


Isource mA to 1 mA 


2.2 




2.45 


V 


TLZ Low-Z and Fast Decay 
Timing Accuracy 


T = RT/28 


-30 




+30 


% 


EQUALIZER/FILTER 

The input signals are AC coupled to IN+ and IN-. 


fc Filter Cutoff Frequency 


RX = 5kQ 

/c = 27xlFI/(4xlFO)MHz 
4 > IFO/IFI > 4/3 


9 




27 


MHz 


IFO IFO Reference Current 


IFO = 0.75/RX; Tj = 27°C 
5kQ>RX>1.25kn 


0.15 




0.6 


mA 


IFI IFI Program Current 
Range 


Tj = 27°C, 27 MHz > fc> 
9 MHz 


0.2 




0.6 


mA 


FCA FCA Filter FC Accuracy 


fc = 27 MHz 


-13 




13 


% 


RX RX Range 




1.25 




5 


kQ 


AO Normal Low Pass Gain 
AO = (ON ±) / (IN±) 


Fin = 0.67/c 


1.4 




2.2 


V/V 


AD Differentiated Low Pass 
Gain 

AD = (OD ±) / (IN±) 


Fin = 0.67/c 


0.8AO 




1.2AO 


V/V 


FBA Frequency Boost 
Accuracy 


VBP = VRG 


-1.5 




+1 .5 


dB 


VBP/VRG = 0.5 


-1.0 




+1 .0 


dB 
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EQUALIZER/FILTER (continued) 

The input signals are AC coupled to IN+ and IN-. 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


TGD1 Group Delay Variation 

1 \j\JC. 


/c = 27 MHz, VBP = to VRG 
jC > rin > U.o JC 


-0.5 




+0.5 


ns 


ft OT ft 1U-* \/DD ft was* 

JC « 9 to df MHZ, Vbr « TO VriCa 

/c > Fin > 0.3 fc 






_i_o c: 


o/ 
/o 


VOSVF Output Offset Voltage 
Variation 


ftftft ..A 1 r~i s>Aft ..A 

200 uA < IFI < 600 uA 






OA A 

200 


mv 


uHr vOr Filter output 
Dynamic Range 


■nin 4 CO/ vnnw 

THu = 1.5% max 
Fin = 0.67 fc 


1 .2 






vpp 


RINF Filter Input Resistance 




O A 

o.O 






Ki2 


CINF Filter Input Capacitance 








7 


PF 


ROF Filter Output Resistance 


IO+= 1.0 mA 






60 


a 


IOF Filter Output Current 




-1.0 




1.0 


mA 


VNN Eout Output Noise 
Voltage; ON+, ON- 


BW=100 MHz, RS = 50G 
VBP = 0, /c = 27 MHz 




2.7 


3.5 


mVRms 


BW=100 MHz, RS = 50Q 
VBP = VRG, fc = 27 MHz 




5.7 


8.0 


mVRms 


VND Eout Output Noise 
Voltage; OD+, OD- 


BW=100 MHz, RS = 50Q 
VBP = 0, fc = 27 MHz 




5.5 


7.5 


mVRms 


BW=100 MHz, RS = 50Q 
VBP = VRG, fc = 27 MHz 




13.0 


21.0 


mVRms 


DATA COMPARATOR 

The input signals are AC coupled to DP and DN. 


VID DP-DN Signal Range 








1.5 


Vpp 


RIND Differential Input 
Resistance 




8 




14 


ka 


CIND Differential Input 
Capacitance 








5 


PF 


VOSD Comparator Offset 
Voltage (Notel) 








4 


mV 


HYS Threshold Voltage Gain 


0.3 < VTH-VRC < 0.9 


0.42 




0.49 


V/V 


VSH Threshold Voltage 
Hysteresis (Note 1) 






.20 x 
GHYSx 
(VTH 
-VRC) 




V/V 


TPDD Propagation Delay 


To DO, DO 




6 




ns 


IVTH VTH Input Bias Current 








2 


uA 



Note 1 : Not directly measureable 
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CLOCKING 

The input signals are AC coupled to CP and CN. 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


VIC CP-CN Signal Range 








1.5 


Vppd 


VOSC Comparator Offset 
Voltage (Notel) 








4 


mV 


RINC Differential Input 
Resistance 




8 




14 


kQ 


CINC Differential Input 
Capacitance 








5 


PF 


TDS D Flip-Flop Set Up Time 


DP-DN threshold to CP-CN 
zero cross, CP-CN = 1Vppd 
at 18 MHz 






1 


ns 


PP Pulse Pairing 


Vs = 1 Vpp,F = 18MHz 






0.5 


ns 


TPDC Propagation Delay from 
CP-CN zero crossing 
to RD 


Vs = 20 mVpp square wave 




9 




ns 


PWRD RD Output Pulse Width 




8 




14 


ns 


PWRT RDO, TTL Output Pulse 
Width 




20 




40 


ns 



SERVO DIFFERENTIATOR/FULL-WAVE RECTIFIER 

An external series network is connected between SDIF and SDIF to determine the servo differentiator 
transfer function. The input signals are AC coupled to DP and DN. Fin = 6.7 MHz at 1 .0 Vppd. 



ISDIF SDIF+ to SDIF- pin current 


Differentiator impedance 
must be set so as not to 
dip the signal for this level 


1.4 


2.0 


2.6 


mA 


RDIF Internal differentiator 
pull-up resistors 


Cannot be directly tested 


0.4 


0.6 


0.8 


kQ 


FWR Input voltage range to 
maintain FWR voltage 
gain 


Cannot be directly tested 


0.1 




2.0 


Vppd 


RERR Rectification Error 








5 


% 


AFWR FWR Voltage Gain from 
FWR Input to PKA-D 
Outputs (Note 1) 




TBD 


0.97 


TBD 


Vpp/Vppd 


ISL Servo Output Leakage 
Current 


Channel diabled 






10 


uA 


VCOS PKA-D Channel to 
Channel Offset 


1 Vppd input to servo FWR 


-5 




5 


mV 


VAOS PKA-D Absolute Offset 


1 Vppd input to servo FWR 


TBD 




TBD 


mV 



Note 1 : Not directly measureable 
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PACKAGE PIN DESIGNATIONS 

(Top View) 

THERMAL CHARACTERISTICS: 6ja 



44-Lead SOM 



70°C/W 



VIA- [ 


1 


44 


] 


BYP 


VIA+ [ 


2 


43 


] 


VRC 


VRG [ 


3 


42 


] 


VTH 


VOA [ 


4 


41 


] 


PKD 


✓OA- [ 


5 


40 


3 


PKC 


IN+ [ 


6 


39 


] 


PKB 


IN- [ 


7 


38 


3 


PKA 


VBP [ 


8 


37 


3 


GTD 


IFO [ 


9 


36 


3 


GTC 


RX [ 


10 


35 


3 


GTB 


IFI [ 


11 


34 


3 


GTA 


GND [ 


12 


33 


3 


SDIF- 


ON+ [ 


13 


32 


3 


SDIF+ 


ON- [ 


14 


31 


3 


LZ/FD 


OD— [ 


15 


30 


J 


RG 


OD+ [ 


16 


29 


3 


WG 


DN [ 


17 


28 


3 


DGND 


DP [ 


18 


27 


3 


RDO 


CN [ 


19 


26 


3 


VCD 


CP [ 


20 


25 


3 


RD 


VCA [ 


21 


24 


3 


RD 


DO [ 


22 


23 


3 


HOLD 



44-Lead SOM 



ORDERING INFORMATION 



PART DESCRIPTION 


ORDERING NUMBER 


PACKAGE MARK 


SSI 32P3013 


44-Lead SOM 


32P3013-CM 


32P3013-CM 



Preliminary Data: Indicates a product not completely released to production. The specifications are based on preliminary evaluations and 
are not guaranteed. Small quantities are available, and Silicon Systems should be consulted for current information. 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data sheet 
is current before placing orders. 

Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680 (714) 573-6000, FAX (714) 573-6914 
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DESCRIPTION 

The SSI 32P3015 is a bipolar integrated circuit that 
provides all the data processing for pulse detection and 
four-burst servo capture from encoded read signals. 
This device can handle a NRZ data rate of 64 Mbit/s. 

The SSI 32P301 5 includes an AGC amplifier with AGC 
charge pump, a programmable 7-pole Bessel low pass 
filter, a pulse qualification circuit, and a 4-burst servo 
capture circuit. Automatic AGC control maintains a 
constant signal level into the pulse qualifier, and 
achieves fast write-to-read recovery. A time 
differentiator is included in the servo signal path, if so 
needed. 

Ideal for constant density recording applications, the 
SSI 32P301 05 low pass filter has a programmable 9-27 
MHz bandwidth and 0-13 dB boost for pulse slimming. 
A time derivative of the read signal is also provided by 
the filter for time qualification in peak detection. 

The SSI 32P3015 requires only a +5V power supply 
and is available in a 44-pin SOM package. 



FEATURES 



Compatible with 64 Mbit/s data rate operation 

Fast attack/decay modes for rapid AGC 
recovery 

Automatic AGC actions: Low Drift AGC hold, 
fast AGC recovery, and low AGC input 
impedance control signals 

Includes programmable pulse slimming 
equalization and programmable channel filter 
and differentiator with no external filter 
components 

±0.5 ns filter group delay variation from 0.3FC 
to FC = 27 MHz 

Independent positive and negative threshold 
qualification to suppress error propagation 

0.5 ns max pulse pairing 

Servo differentiator and 4-burst servo capture 

+5V only operation 

44-pin SOM package 



BLOCK DIAGRAM 



§2 Z 2 

O □ D-D- 



PROGRAMMABLE 
EQUALIZER 
FLTER 
DIFFERENTIATOR 



on 



IKjh-CKl—CH] 1 



2£ 



CLK 
D O 



0193 -rev. -d= 




~~~Yp ka y ?K B y pkc y? 



2-117 




□ vcs 



SSI 32P3015 
Pulse Detector with 
Programmable Filter 



FUNCTIONAL DESCRIPTION 

The SSI 32P3015 Pulse Detector/Filter with 4-Burst 
Servo Capture is designed to support a 64 Mbit/s NRZ 
data rate. The signal processing circuits include a wide 
band variable gain amplifier, a sophisticated dual-rate 
AGC charge pump, a programmable electronic filter, a 
pulse qualifier, a servo differentiator and a 4-burst 
servo capture circuit. 

Modes of Operation 

The SSI 32P3015 can operate in one of three modes 
as controlled by RG, WG, and SG. 

Normal Read Mode RG = 0, WG = 1 , SG = X 

In the normal Read Mode, the AGC actions are 
active. The AGC amplif ier processes the input 
signal pulses; one-shot pulses are generated 
at the RD and R D out puts for each qualified 
signal peak. The RDO output buffer, which is 
a TTL buffer of the RD/RD, is disabled and its 
output is pulled up high to reduce jitter and 
noise. 

Servo Read Mode RG = 1, WG = 1, SG = 1 

In the servo Read Mode, the AGC actions 
remain active (See note 1 ). The servo signal is 
amplified, fullwave rectified, differentiated and 
gated to the proper peak capture capacitor. 
The p ulse qualifier remains active, and the 
RDO output is active to aid in servo decode. 

Write Mode RG = X, WG = 0, SG =X 

In the Write Mode, the AGC actions are 
suspended. The AGC amplifier input 
impedance is clamp ed low to facilitate fast 
recovery. The RDO output is disabled and 
pulled up high to reduce jitter and noise. 

AGC Amplifier 

The wide band AGC amplifier amplifies the read signal 
from the read/write pre-amp to a signal level acceptable 
at the pulse qualifier. The AGC amplifier gain is an 
exponential function of the BYP voltage when 
referenced to VR. 

Av=Aoexp[ (VeYP " VR) ] (See note 2) 



AGC Actions 

The AGC loop maintains a constant DP/DN signal level 
at a nominal level, -1 Vppd. The AGC actions are 
current charging and discharging to/from the external 
BYP integrating capacitor, and are classified into the 
following modes: 

Normal Read and Servo Read Mode 
(RG = X, WG = 1)SG = X 

Slow Decay: When the DP/DN signal is below 1 Vppd, 
a slow decay current, Id, charges the BYP capacitor. 
The AGC amplifier gain is increased slowly. This slow 
decay current tracks with the bandwidth of the filter. Id 
= 0.008 x IFI. At T = 27°C, the maximum Id is 4.5 
when the filter cutoff frequency is 27 MHz. 

Slow Attack: When the DP/DN signal exceeds 1 
Vppd, but is below 1.25 Vppd, a slow attack current, 
Ich, discharges the BYP capacitor. The AGC amplifier 
gain is decreased. The slow attack current is 20 times 
that of the slow decay current. Thus, for a given BYP 
capacitor, the slow attack response time is quicker than 
the slow decay response. 

Fast Attack: When the DP/DN signal exceeds 1.25 
Vppd, the device enters a fast attack mode. A fast 
attack current, Ichf , discharges the BYP capacitor. The 
AGC amplifier gain is quickly lowered. The fast attack 
current is seven times that of the slow attack current. 

In servo Read Mode, constant AGC amplifier gain is 
generally desirable. Without an external AGC hold 
control, the servo data amplitude should be made 
lower than that of the data signal priorto the servo read 
mode. The SSI 32P3015 then enters the slow decay 
mode, which has a very slow effect on the AGC 
amplifier gain. 

Write Mode (RG = X, WG = 0) SG = X 

In the write mode, the AGC charge pump is disabled. 
This holds the AGC amplifier gain at its previous value. 

Notes: 

1 . The servo signal should have a lower amplitude than 
the data signal priorto the servo read mode. Servo read 
should be completed before and significant change in 
AGC amplifier gain is resulted from the slow decay 
AGC mode. 

2. In a closed loop, the sensitivity of Ao and K to typical 
process variations is irrelevant. The typical values of 
Ao and K are provided for reference only, and not 
tested in production. AO = 1 1 , K = 0.22, VR = 3.6. 
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Write-to-Read Transition 
(RS= X, WS = 0-to-1) SG = X 

When the SSI 32P301 5 switches from the write to read 
mode, i.e., WG 0-to-1 transition, the device remains in 
the low input impedance state for a preset time period. 
For the next time period, the device then enters either 
the fast decay or attack mode depending on the signal 
level at the DP/DN pins. The time period, t, is determined 
by an external resistor, RT, from the LZ/FD pin to 
ground. 



T(ns)= 



RT(kfl) 
28 



For example, with RT = 38 kQ, each time period is 
1.36 ms. 

Programmable Filter 

The SSI 32P3015 includes a programmable low pass 
f ilterfollowing the AGC amplifier for (1 ) 2X voltage gain 
from the AGC amplifier output to the pulse qualifier 
input, (2) noise limiting, (3) pulse slimming, and (4) 
provision of a time differentiated signal. The low pass 
filter is of a 7-pole 2-zero Bessel type. The filter's un- 
boosted -3 dB bandwidth, defined as the cutoff 
frequency, is programmable from 9-27 MHz; the high 
frequency equalization is programmable from 0-13 dB 
at the cutoff frequency. 

The filter input is ac-coupled from the AGC amplifier 
output. The filter's normal low pass output is ac-coupled 
to the data channel of the pulse qualifier. The 
differentiated low pass output is ac-coupled to the time 
channel of the pulse qualifier. 

The normalized 7-pole 2-zero Bessel filter transfer 
function is given in Figure 1 . 

The cutoff frequency, fc, is programmable with 3 pins: 
RX, IFO and IFI. At the RX pin, an external resistor to 
ground establishes a reference current: 

o 75 

IFO=^,atT=27°C 
Rx 

IFI should be made proportional to IFO for fc 
temperature stability. The cutoff frequency is related to 
the RX resistor, IFO and IFI currents as the following: 

/c(MHz) = 27--!^!-.- 125 



IFO Rx(kQ) 

For a fixed cutoff frequency setting, IFO and IFI can be 
tied together. The cutoff frequency equation then 



reduces to: 



/c(MHz)=27- 



1.25 
Rx(kQ) 
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For programmable cutoff frequency, an external current 

DAC can be used. IFO should be the reference current 

into the DAC. The DAC output current drives IFI, which 

is then proportional to the IFO. The DACF in the SSI 

32D4661 Time Base Generator is designed to control fc 

of the Silicon Systems programmable filters. When the 

DACF, which has a 4X current gain from its reference to 

fullscale output, is used, 5 kQ RX is used. The fc is then 

given by: p Code 

/c(MHz) = 27.^5i 

where F_Code is the decimal code equivalent to the 7- 
bit input into the DACF. 

The high frequency equalization is programmable with 

two pins: VRG and VBP. The VRG is a bandgap 

reference voltage, 2,3V typically. The voltage at the 

VBP pin determines the amount of high frequency 

boost at the cutoff frequency. The boost function is as 

follows: Kb- VBP 

Boost(dB)=20log 10 [( ^ R v ( : r ) + 1] 

Kb = 3.041 + 0.0276 • fci 

where fci is the ideal cutoff frequency in MHz. 

For a fixed boost setting, a resistor divider between 
VRG to ground can be used with the divided voltage at 
the VBP pin. For programmable equalization, an 
external voltage DAC can be used. VRG should be the 
reference voltage to the DAC. The DAC output voltage 
is then proportional to the VRG. The DAC in the SST 
32D4661 is designed to control the magnitude 
equalization of Silicon Systems programmable filters. 

When DACs are used, the boost relation then reduces 
t0< Boost(dB)=20log 10 [(Kb.-^^)+1] 
Pulse Qualification 

The SSI 32P3015 validates each DP/DN peak by a 
combination of level qualification and time qualification. 
In level qualification, a dual-comparator threshold 
detection eliminates errors due to low level additive 
noise. In time qualification, the filter's differentiated 
output is used to locate signal peaks. 

Level Qualification 

The dual-comparator architecture allows independent 
detection for positive and negative peaks. One 
comparator detects a positive peak by comparing the 
data signal with a positive threshold. The other 
comparator detects a negative peak by comparing the 
data signal with a negative threshold. Each comparator 
has a small hysteresis, 20%of the set threshold, to help 
qualify signals which just clear the set threshold. 
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The SSI 32P3015 comparator thresholds are set by a 
DC voltage at the VTH pin, such as from a resistor 
dividerfrom VCA to VRC (see note 3). The threshold at 
each comparator can be computed as: Hysteresis 
Gain x (VTH - VRC). The thresholds at the two 
comparators are of the same magnitude, but of opposite 
polarity. 

The SSI 32 P30 1 5 has three sets of pulse detector 
outputs: RD/RD, RDO, and DO. RD/RD output is the 
pseudo-ECL differential output. Corresponding to each 
validated peak of theDP/DN signal, a one-shot pulse 
occurs at the RD/RD output. The pulse width of the 
one-shot pulse is determined by an internal timing 
circuit, and specified in the electrical specification. 

RDO is the TTL output of the pulse detector, logically 
equ ivalen t to RD/RD. Again, a one-shot pulse occurs at 
the RDO output for each validated peak of the DP/DN 
signal. The pulse width of this one-shot pulse is also 
specified in the electrical specification. DO output is a 
test point used to monitor the outputs of the internal 
comparators. It is an open-emitter output requiring a 5 
k£2 external resistor pull-down to ground. 

Four-Burst Servo Differentiator and Capture 

The SSI 32P3015 supports advanced embedded 4- 
burst servo technique. The signal at the DP/DN input 
can be time differentiated, fullwave rectified, and gated 
onto the selected peak capture output. 

The transfer function from the DP/DN to the servo 
fullwave rectifier input is: 

Av _ 2380CS 

LCs 2 + (R+48.1)Cs+1 

where: R, L, and C are external passive components 
across SDIF± 

15pF<C<125pF 

s = jw 

When the time differentiation function is not desired, a 
2 kQ resistor should be used across the SDIF± pins. 

The transfer function from the servo fullwave rectifier 
input to the peak capture output is set so that a 1 Vppd 
DP/DN signal produces 0.95 Vpeak output. With no 
signal input, the outputs are set close to ground, with 
little or no offset common to all four channels, 

GTA, GTB, GTC, and GTD are now generated on-chip, 
using STROBE and SG as inputs. N.B.: There must be 
exactly 4 strobe pulses withing the TRUE time of SG. 



A two-bit counter and 4 gates produce: 

GTA from the first STROBE pulse, 

GTB from the second STROBE pulse, 

GTC from the third STROBE pulse, 

GTD from the fourth STROBE pulse,. 

Resetting of PKA, PKB, PKC, and PKD must still be 
done externally. 

VCS Pin: This is a third +5V pin, intended not to be 
switched off by the customer in order to power down. 

VCS is used as the high-voltage tie point for the ESD 
diodes from the 5 TTL-level input pins: 

1) STROBE 

2) SG 

3) RG 

4) WS 

5) HOLD 

The purpose of this is to make it impossible for one or 
more of the TTL-level input drives to attempt to support 
the chip, via ESD diodes, when VCC and VCD are 
switched off. 

VCS also supports the held servo voltages at pins PKA, 
PKB, PKC, and PKD. This is done by using VCN as the 
+5V supply for SSIN, PKCTRLN (via VPB), and 
LSERVO. 

RRX Pin: This pin connects to an external precision, 
low T-C resistor, which is used to set the discharge 
currents of the one-shots, OSE_A and OSE_B, which 
in turn dete rmine the pulse widths of the TTL ouput 
pulse, RDT, and of the ECL ouput pulses, RD and RD. 
This permits adjustment of the pulse widthsfor different 
applications and/or for variations in on-chip 
capacitances, and reduces the pulse-width changes 
caused by "corner" conditions. 

Note 3: VCA is the +5V supply. VRC is the bandgap 
voltage referenced from VCA, i.e., VRC = VCA - VRG. 
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+2.94933 






S+3.22597S + 2.94933 








-KS* 






S*+3.22597S + 2.94933 





S*+ Z75939S + 3.32507 



4.20534 
S*+ 1.82081S + 4.20534 



NORM 



Transfer function normalized for W = 2rcfc = 1 
An and Ad are adjusted for gain of 2 at f = 0.67fc. 
Frequency scaling S = S/2jcfc 



Ad 



FIGURE 1 : Bessel Filter Transfer Function 



PIN DESCRIPTION 
INPUT PINS 



NAME 


TYPE 


DESCRIPTION 


VIA+, VIA- 




AGC Amplifier input pins. 


IN+, IN- 




Equalizer/filter input pins. 


DP, DN 




Data inputs to data comparators and fullwave rectifier. 


CP, CN 




Differentiated data inputs to the clock comparator. 


VTH 




Threshold level setting input for the data comparators. 


STROBE 




TTL input. Enables servo gate according to Figure 3. 


RG 




TTL compatible input. When low, the device is in normal Read Mode. 


WG 




TTL compatible input. When low, the device is in Write Mode. When both RG 
and WG are low, the device is in Servo Mode. 


SG 




TTL compatible input. When high the corresponding servo gate channel is 
enabled. 


HOLD 




TTL compatible input. When low the AGC action is suspended. 


OUTPUT PINS 


VOA+, VOA- 





AGC amplifier output pins. 


ON+, ON- 





Equalizer/filter normal output pins. 


OD+, OD- 





Equalizer/filter differentiated output pins. 


DO 





ECL compatible data comparator latch output pin. 


RD, RD 





ECL compatible read data output pins. 


RDO 





TTL compatible read data output. 


SDIF+, SDIF- 




Pins for external differentiating network for servo data. 


PKA, PKB 
PKC, PKD 





Open npn emitter outputs that provide a fullwave rectified signal from the 
servo differentiator. These outputs are referenced to AGND. These outputs 
are high impedance when not enabled by STROBE and SG. 
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PIN DESCRIPTION (continued) 



ANALOG PINS 



NAME 


TYPE 


DESCRIPTION 


RRX 




Pin to set, via external R, output pulse widths. 


VRC 




Reference voltage pin for SERVO and LEVEL. VRC is referenced to VCA. 


VRG 




Reference voltage pin for the programmable filter. VRG is referenced to 
ground. 


VBP 


- 


The equalizer high frequency boost is set by an external voltage applied to this 
pin. VBP must be proportional to VRG. Programmable boost is implemented 
by using a DAC that uses VRG as its reference. A fixed amount of boost can 
be set by an external resistor divide network connected from VBP to VRG and 
GND. 


RX 




Pin to set filter reference current. External resistor Rx from this pin to ground 
sets the filter reference current IFO. 


IFO 


- 


Reference current output pin. The reference current is normally supplied as 

11 IC 1 t/ICI CI IOC IsUlldll IU Ol VsUildll L/AAv/ Wl HOI 1 ydldcUtJo MIC \Jl Uy 1 dl 1 II 1 IdUIC 

input current for the IFI pin. 


IFI 




Programmable filter input current pin. The filter cutoff frequency is proportional 
to the current into this pin. The current must be proportional to the reference 
current out of IFO. A fixed filter cutoff frequency is generated by connecting 
IFO to IFI and selecting Rx to set the desired frequency. 


LZ/FD 




Pin for external resistor to set timing for both Low-Z input and fast decay 
modes. 


BYP 




The AGC integrating capacitor Ca is connected between BYP and VCA. 


VCA, VCD, VCS 




Analog, Digital, and Servo +5V 


AGND, DGND 




Analog and Digital grounds. 
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ELECTRICAL SPECIFICATIONS 

Unless otherwise specified, 4.5V<VCC<5.5V, 0°C<Ta<70°C 




ABSOLUTE MAXIMUM RATINGS (Operation above maximum ratings may damage the device.) 


PARAMETER 


RATING 


Storage Temperature 


-65to+150°C 


Junction Operating Temperature.Tj 


+130°C 


Supply Voltage, VCA, VCD 


-0.7to7V 


Voltage Applied to Inputs 


-0.7 to VCA, VCD V and VCS 


RECOMMENDED OPERATING CONDITIONS 


Supply Voltage, VCS = VCA = VCD = VCC 


4.5V < VCC < 5.5V 


Ambient Temperature, Ta 


0°C<Ta<70°C 



POWER SUPPLY 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


PD Power Dissipation 


Outputs unloaded 

4.5V < VCA, VCD < 5.5V 




490 


540 


mW 


LOGIC SIGNALS 


VIL TTL Input Low Voltage 




-0.3 




0.8 


V 


VIH TTL Input High Voltage 




2.0 




VCC 
+0.3 


V 


ML TTL Input Low Current 


VIL = 0.4V 


-0.4 






mA 


IIH TTL Input High Current 


VIH = 2.7V 






0.1 


mA 


VOL ECL Output High Voltage 


VCC = 5V 


VCC 
-1.02 






V 


VOE ECL Differential Output 
Swing 


VCC = 5V 


0.3 






V 


TRF EC Output Rise and 
Fall Time 


CL<10pF 






3.5 


ns 


TS Control Input Switching 
Times 








0.1 


US 


VOLT TTL Output Low Voltage 


IOL = 4mA 


0.5 






V 


VOHT TTL Output High Voltage 


IOH = -400 mA 






2.7 


V 
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ELECTRICAL SPECIFICATIONS (continued) 

Unless otherwise specified, 4.5V<VCC<5.5V, 0°C<Ta<70°C 

AGC AMPLIFIER 

The input signals are AC coupled to VIA+ and VIA-. VOA+ and VOA- are AC coupled to IN+ and IN-. ON+ and 
ON- are AC coupled to DP and DN. Ca 1000 pF. Fin = 4 MHz. Unless otherwise specified, the output is 
measured differentially at VOA+ and VOA-. 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


VIB 


Input Range 


Filter boost at /c = dB 


24 




240 


mVppd 






Filter boost at /c = 1 1 dB 


20 




100 


mVppd 


VD 


DP-DN Voltage 


VIA± = 0.1 Vppd 


0.90 




1.10 


Vppd 


VDV 


DP-DN Voltage Variation 


24 mV < VIA± < 240 mV 






8.0 


% 


AV 


Gain Range 




1.9 




22 


V/V 


AVPV 


Gain Sensitivity 
w.r.t. BYP Voltage 






28 




dB/V 


DR 


VOA+ VOA- 
Dynamic Range 


THD = 1% max 


.75 






Vppd 


RINDA 


Differential Input 
Impedance 


WG = 1 


4.7 




8.4 


k£l 




WG = 




1 






RINSA 


Single Ended Input 
Impedance 


WG = 1 




3 




kQ 




WG = 




0.5 




kQ 


VUo 


Differential Output Offset 
Variation 


from min. gain to max. gain 


-200 




+200 


mV 


VIN 


Input Referred Noise 
Voltage 


gain = max, Rs = 0Q 

filter not connected to 

VOA+ and VOA-, BW = 15 MHz 






15 


nV/VHz 


BW 


Bandwidth 


No AGC action, Gain = 22 


55 






MHz 


CMRR 


Common Mode 
Rejection Ratio 


gain = 22, Vin = VDC + 
100 mVpp@5MHz 


40 






dB 


PSRR 


Power Supply Rejection 
Ratio 


gain = 22, 100 mVpp on VCA, 
VCD @ 5 MHz 


45 






dB 


TGD 


Gain Decay Time 


VIA± = 240 mVto120 mV 
VOA± < 0.9 Final Value 
IFI = 600 mA 




TBD 




MS 


TGA 


Gain Attack Time 


VIA± = 120 mV to 240 mV 
VOA±<1.1 Final Value 
IFI = 600 mA 




TBD 




MS 
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AGC CONTROL 

The input signals are AC coupled to DP and DN. Ca = 1000 pF, 110 nA<IFI<600 |xA. 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


VDI DP-DN Signal Input 
Range 








1.5 


Vpp 


ID Discharge Current 


WG = 1, DP - DN = 0V 




0.008 x 
IFI 




A 


IDF Fast Discharoe Current 






20 x Id 




A 


ICH Charge Pump Attack 
Current 


WG = 1, DP -DN = 0.55V 




40xld 




A 


ICHF Charge Pump Fast Attack 
Current, Ichf 


WG = 1, DP -DN = 0.675V 




7xlch 




A 


IK BYP Pin Leakage Current 


WG or HOLD = 


-0.1 




+0.1 


HA 


VRC VRC Reference Voltage 






VCA 
-VRG 




V 


IVRC VRC Output Drive 




-0.75 




+0.75 


mA 


VRG VRG Reference Voltage 


Isource to 1 mA 


2.2 




2.45 


V 


TLZ Low-Z and Fast Decay 
Timing Accuracy 


T = RT/28 


-30 




+30 


% 


EQUALIZER/FILTER 

The input signals are AC coupled to IN+ and IN-. 


fc Filter Cutoff Frequency 


RX = 5kG 

fc = 27 x IFI/(4 x IFO ) MHz 
4 > IFO/IFI > 4/3 


9 




27 


MHz 


IFO IFO Reference Current 


IFO = 0.75/RX; Tj = 27°C 
5kG>RX>1.25kfl 


0.15 




0.6 


mA 


IFI IFI Program Current Range 


Tj = 27°C, 27 MHz > fc> 9 MHz 


0.2 




0.6 


mA 


FCA FCA Filter FC Accuracy 


fc = 27 MHz 


-13 




13 


% 


RX RX Range 




1.25 




5 


kQ 


AO Normal Low Pass Gain 
AO = (ON ±) / (IN±) 


Fin = 0.67/c 


1.4 




2.2 


V/V 


AD Differentiated Low 
Pass Gain 
AD = (OD ±) / (IN±) 


Fin = 0.67/c 


0.8AO 




1.2AO 


v/v 


FBA Frequency Boost Accuracy 


VBP = VRG 


-1.5 




+1 .5 


dB 


VBP/VRG = 0.5 


-1.0 




+1 .0 


dB 
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ELECTRICAL SPECIFICATIONS (continued) 

Unless otherwise specified, 4.5V<VCC<5.5V, 0°C<Ta<70°C 



EQUALIZER/FILTER (continued) 

The input signals are AC coupled to IN+ and IN-. 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


TGD1 


Group Delay Variation 


fc = 27 MHz, FB = to 9 dB 
fc :> Fin > 3 fc 

J W 1 II 1 ^ \J ■ \J J W 


-0.5 




+0.5 


ns 


TGD2 


fc = 9 to 27 MHz 
fc ^ Fin 3 f c 


-2.5 




+2.5 


% 


VOSVF 


Output Offset Voltage 
Variation 


200 llA,IFI<600 llA 


-200 




200 


mV 


DRF 


VOF Filter Output 
Dynamic Range 


THD=1.5%max 
Fin = 67 fc 

1 III — \J ,\J 1 J w 


1.2 






Vpp 


RINF 


Filter Input Resistance 




3.0 






kQ 


CINF 


Filter Input Capacitance 








7 


PF 


ROF 


Filter Output Resistance 


IO+ = 1.0 mA 






60 


Q 


IOF 


Filter Output Current 




-1.0 




1.0 


mA 


VNN 


Eout Output Noise 
Voltage; ON+, ON- 


BW=100 MHz, RS = 50Q 
VBP = 0, fc = 27 MHz 




2.7 




mVRms 






BW=100MHz, RS = 50^ 
VBP = VRG, fc = 27 MHz 




5.7 




mVRms 


VND 


Eout Output Noise 
Voltage; OD+, OD- 


BW= 100 MHz, RS = 50ft 
VBP = 0, fc = 27 MHz 




5.5 




mVRms 






BW=100 MHz, RS = 50O 
VBP = VRG, fc = 27 MHz 




13.0 




mVRms 


DATA COMPARATOR 

The input signals are AC coupled to DP and DN. 


VID 


DP-DN Signal Range 








i.5 


Vpp 


RIND 


Differential Input 
Resistance 




8 




14 




CIND 


Differential Input 
Capacitance 








5 


PF 


VOSD* 


Comparator Offset 
Voltage 








4 


mV 


HYS 


Threshold Voltage Gain 


0.3 < VTH-VRC < 0.9 


0.42 




0.49 


V/V 


VSH* 


Threshold Voltage 
Hysteresis 






.20 x 
GHYSx 
(VTH 
-VRC) 




V/V 


TPDD 


Propagation Delay 


To DO, DO 




6 




ns 


I VTH 


VTH Input Bias Current 








2 


MA 



* Not externally measurable 
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CLOCKING 



The input signals are AC coupled to CP and CN. 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


VIC 


CP-CN Signal Range 








1.5 


Vppd 


VUoO 


Comparator Offset 
Voltage 








4 


mV 


RING 


Differential Input 
Resistance 




8 




14 


kQ 


CINC 


Differential Input 
Capacitance 








5 


pF 


TDS 


D Flip-Flop Set Up Time 


DP-DN threshold to CP-CN zero 
cross, CP-CN = 1Vppd at 18 MHz 






1 


ns 


PP 


Pulse Pairing 


CP-CN = 20 mVppd square wave 






0.5 


ns 


TPDC 


Propagation Delay from 
CP-CN zero crossing 
to RD 






9 




ns 


PWRD 


RD Output Pulse Width 


RRX = 7.87kQCL=10pF 


6 




10.5 


ns 


PWRT 


RDO, TTL Output 
Pulse Width 


RRX = 7.87kQCL=10pF 


15 




30 


ns 


SERVO DIFFERENTIATOR/FULL-WAVE RECTIFIER 

An external series network is connected between SDIF and SDIF to determine the servo differentiator transfer 
function. The input signals are AC coupled to DP and DN. Fin = 6.7 MHz at 1 .0 Vppd. 


ISDIF SDIF+ to SDIF- pin current 


Differentiator impedance must be 
set so as not to dip the signal for 
this level 


1.4 


2.0 


2.6 


mA 


RDIF 


Internal differentiator 
pull-up resistors 


Cannot be directly tested 


0.4 


0.6 


0.8 


kQ 


FWR 


Input voltage range to 
maintain FWR 
voltage gain 


Cannot be directly tested 


0.1 




2.0 


Vppd 


RERR 


Rectification Error 








5 


% 


AFWR 


FWR Voltage Gain from 
FWR Input to PKA-D 
Outputs 




TBD 


0.97 


TBD 


Vpp/ 
Vppd 


ISL 


Servo Output Leakage 
Current 


Channel disabled 






10 


uA 


VCOS 


PKA-D Channel to 
Channel Offset 


1 Vppd input to servo FWR 


TBD 




TBD 


mV 


VAOS 


PKA-D Absolute Offset 


1 Vppd input to servo FWR 


TBD 




TBD 


mV 



2-127 



SSI32P3015 
Pulse Detector with 
Programmable Filter 



RESET : 
(External) ' 



u 



jIAAMaaaHaaaaaMt 

r 



SERVO DATA 



PKA 

BURST A 1/ i 



PKB 

BURST B 



PKC 

BURST C 



PKD 

BURST D 



i 
i 
i 
i 
i 



FIGURE 2: Servo Gate Timing 




FIGURE 3: Servo Capture Timing Diagram 
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PACKAGE PIN DESIGNATIONS THERMAL CHARACTERISTICS: 6ja 




(Top View) I 44-LeadSOM 



70°C/W 



VIA- 


[ 




44 


3 


BYP 


VIA+ 


[ 


2 


43 


] 


VRC 


VRG 


[ 


3 


42 


] 


VTH 


VOA 


[ 


4 


41 


] 


PKD 


VOA- 


[ 


5 


40 


] 


PKC 


IN+ 


[ 


6 


39 


] 


PKB 


IN- 


[ 


7 


38 


] 


PKA 


VBP 


c 


8 


37 


] 


STROBE 


IFO 


[ 


9 


36 


] 


SG 


RX 


[ 


10 


35 


] 


RRX 


IFI 


c 


11 


34 


3 


VCS 


GND 


c 


12 


33 


] 


SDIF- 


ON+ 


c 


13 


32 


] 


SDIF+ 


ON- 


c 


14 


31 


] 


LZ/FD 


OD- 


c 


15 


30 


] 


RG 


OD+ 


[ 


16 


29 


] 


WG 


DN 


[ 


17 


28 


] 


DGND 


DP 


[ 


18 


27 


] 


RDO 


CN 


c 


19 


26 


] 


VCD 


CP 


c 


20 


25 


] 


RD 


VCA 


[ 


21 


24 


3 


RD 


DO 


[ 


22 


23 


a 


HOLD 



44-Lead SOM 



Advance Information: Indicates a product still in the design cycle, and any specifications are based on design goals only. Do not use 
for final design. 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other 
lights of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. 
Silicon Systems reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to 
verify that the data sheet is current before placing orders. 
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DESCRIPTION 

The SSI 32P3030 is a tow power pulse detector and 
servo demodulator designed for use in low power 
applications requiring +5V only power supplies. This 
device has a fully integrated bipolar circuit that detects 
and validates amplitude peaks in the output from a disk 
drive read amplifier, as well as detecting embedded 
servo information to provide position error signals used 
for read head positioning. 

Time and amplitude qualification are used to provide a 
TTL compatible output that accurately duplicates the 
time position of input signal peaks. An AGC control 
loop, using a dual rate charge pump, provides a 
constant input amplitude for the level qualifier. Level 
qualification with or without hysteresis can be imple- 
mented as a f ixed threshold or a constant percentage 
that tracks signal amplitude that enhances qualification 
during AGC loop transients. (Continued) 



FEATURES 



+5V only power supplies 

Wide bandwidth AGC input amplifier 

Fast and slow AGC attack and decay regions 

for fast transient recovery 

Embedded servo channel provides servo burst 

capture and difference circuits 

Local sampled servo AGC provided based on 

servo burst output amplitude sum 

Write to Read transient suppression 

Dual mode pulse qualification with/without 

pulse polarity hysteresis for read/servo data 

retrieval. 

24 Mbit/s operation 



BLOCK DIAGRAM 
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DESCRIPTION (Continued) 

The Servo Demodulator consists of two peak detector 
channels that capture rectified servo data peaks. Buff- 
ered individual channel outputs are provided along 
with a difference output. Servo channel gain can be 
controlled by a sampled AGC signal based on main- 
taining the amplitude of the sum of both channels. 

CIRCUIT OPERATION 

READ MODE (R/W pin high or open) 

In Read Mode the SSI 32P3030 is used to process 
either data or servo signals. In the Data Read Mode the 
input signal is amplified and qualified using an AGC 
amplifier and pulse level qualification of the detected 
signal peaks. In the Servo Read Mode the input signal 
is amplified and rectified and an error signal based on 
amplitude comparison is made available. Two servo 
burst channels are available that provide A & B burst 
levels. 

DATA READ MODE (AGCMODE pin high or open) 

An amplified head output signal is AC coupled to the 
IN+ and IN- pins of the AGC amplifier. Gain control is 
accomplished by full wave rectifying and amplifying the 
[(DIN+) - (DIN-)] voltage level and comparing it to a 
reference voltage level at the AGC1 pin. 

The SSI 32P3030 contains a dual rate attack charge 
pump. The value of the attack current is dependent on 
the instantaneous level at DIN±. For signal levels 
above 1 25% of the desired level a fast attack mode is 
invoked that supplies a 1 .4 mA charge current to the 
network on the BYP1 pin. Between 1 25% and 1 00% of 
the desired level the circuit enters a slow attack mode 
and supplies 0.18 mA of charge current to the BYP1 
pin. This allows the AGC to rapidly recover during a 
write to read transition but reduces distortion once the 
AGC amplifier is within range. 

Two decay modes are available and are automatically 
controlled within the device. 

Upon a switch to write mode (R/W pin low), the device 
will hold the gain at its previous value, and the AGC 
input stage is switched into a low impedance state. 
When the device is then switched back to read mode 
the AGC holds the gain and stays in the low impedance 



state for 0.9 us. It then switches into a fast/slow attack 
mode if the new gain required is less than the previ- 
ously held gain or a fast decay mode if the gain required 
is more than its previous value. The fast decay current 
is 0.12 mA and stays on 0.9 us. After the 0.9 us time 
period the device stays in a steady state slow attack, 
slow decay mode. The slow decay discharge current is 
4.5 uA. 

The AGC1 pin is internally biased so that the target 
differential voltage input at DIN± is 1 .0 Vpp at nominal 
conditions. The voltage on this pin can be modified by 
tying a resistor between AGC and AGND or VCC1 . A 
resistor to AGND decreases the voltage level, while a 
resistor to VCC1 increases it. The resulting AGC volt- 
age level is shown in Figure 1 ; 

Where: 

V = Voltage at AGC1 with pin open (2.3V, nom.) 
Rint = AGC1 pin input impedance (6.5 kQ, typ.) 
Rx = External resistor. 

The new DIN± input target level is nominally 
(Vagci - 0.75) • 0.64 Vpp 

The maximum AGC amplifier output swing is 2.6 Vpp 
at OUT± which allows for up to 6 dB loss in any external 
filter between OUT± and DIN±. 



v ( 


Rint 


Rx 

~2 — WM3 5V 

v C 


Rint 


> Rx 




7 VAGC1 = 


(5-V)Rint +v 


h Vagci = 


V-Rx 




Rint+Rx \ 


Rint + Rx 



FIGURE 1: AGC Voltage 
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AGC gain is a linear function of the BYP1/Gain-pin 
voltage (VBYP1) as shown in Figure 2. 



Gain V/V 




80 


X Slope = 140 WV 






45 


4 


I ^ 

I 




2.5 




VBYP1 (Volts) 


FIGURE 2: AGC Gain 



The AGC amplifier has emitter follower outputs and 
can sink 4.0 mA. 

One filter for both amplitude (DIN± input) and time 
(CIN± input) channels, or a separate filter for each may 
be used. If two filters are used, attention must be paid 
to time delays so that each channel is timed properly. 
A multi-pole Bessel filter is typically used for its linear 
phase or constant group delay characteristics. 

In the amplitude channel the signal is sent to a hyster- 
esis comparator. The hysteresis threshold level is set 
so that it will be tripped only by valid signal pulses and 
not by baseband noise. It can be a fixed level or a 
fraction of the DIN± voltage level. 

The latter approach is accomplished by using an exter- 
nal filter/network between the LEVEL and HYS pins. 
This allows setting the AGC slow attack and decay 
times slow enough to minimize time channel distortion 
and setting a shorter time constant for the hysteresis 
level. The LEVEL pin output is a rectified and amplified 
version of DIN±, 1.0 Vpp at DIN± results in 1.0 Vop 
nominally, at the LEVEL pin. A voltage divider is used 
from LEVEL to ground to set the Hysteresis threshold 
at a percentage of the peak DIN± voltage. For example, 
if DIN± is 1 .0 Vpp, then using an equal valued resistor 
divider will result in 0.5 Vop at the HYS pin. This will 
result in a nominal ±0. 1 8V threshold or a 36% threshold 
of a ±0.5V DIN+ input. The capacitor, from the LEVEL 
pin to GND, is chosen to set an appropriate time 
constant. This "feed forward" technique speeds up 
transient recovery by allowing qualification of the input 
pulses while the AGC is still settling. This helps in the 
two critical areas of write to read and head change 



recovery. Some care In the selection of the hysteresis 
level time constant must be exercised so as to not miss 
pattern (resolution) induced lower amplitude signals. 
Note that there is a built in 50mV threshold (ie. , 1 0% of 
± 0.5V DIN± input) for level qualification even when the 
HYS pin is grounded. This is to prevent false triggering 
by baseband noise during a DC erase gap, (e.g., 
address mark). The output of the hysteresis compara- 
tor is the "D" input of a D-type flip-flop. The DOUT pin 
is a comparator output signal fortesting purposes only. 
When testing, it requires an external 3-6 UQ pull-down 
resistor to ground. If no testing is necessary, the DOUT 
pin can be pulled up to Vcc (+5V) to save power. 

In the time channel the signal is differentiated to trans- 
form signal peaks to zero crossings which are detected 
and used to trigger a bi-directional one-shot. The one- 
shot output pulses are used as the clock input of the D 
flip-flop. The COUT pin provides the one-shot output 
for test purposes. It also requires an external 3-6 kQ, 
pull down resistor for testing. 

The differentiator function is accomplished by an exter- 
nal network between the DIF+ and DIF- pins. The 
transfer function from CIN± to the comparator input 
(not DIF±) is: 

Av= -2000CS 

V LCs 2 + C(R + 92)s + 1 

Where: C, L, R are external passive components 
20 pF<C<150 pF 

S = j(0 = ]'27rf 

During normal operation, the time channel clocks the D 
flip-flop on every positive and negative peak of the 
CIN± input. Two qualification modes exist to determine 
peaks. The first mode, qualification with pulse polarity 
hysteresis, (ENH = High), is exactly the same as the 
qualification on the SSI 32P541. In this mode, the D 
input to the flip-flop only changes state when the DIN± 
input exceeds the hysteresis comparator threshold 
opposite in polarity to the previous threshold exceed- 
ing peak. In the second mode, qualification without 
pulse polarity hysteresis, (ENH = Low), the polarity of 
the peaks is ignored. In this mode, the D inputto the flip- 
flop changes state whenever the DIN+ input exceeds 
the threshold regardless of polarity. This is accom- 
plished, (see figure 3), by clocking the toggle flip-flop 
whenever the threshold is exceeded in either direction 
at the same time that the comparator detects a zero 



2-133 



SSI 32P3030 

Pulse Detector 

and Servo Demodulator 



crossing. It may be advantageous to use this mode of 
pulse qualification for retrieving certain kinds of servo 
patterns. 

The time channel, then, determines signal peak timing 
and the amplitude channel determines validity by 
blocking signal peaks that do not exceed the hysteresis 
comparator threshold. The delays in each of these 
channels to the D flip-flop inputs are well matched. The 
D flip-flop output triggers a one-shot that sets the RD 
output pulse width. 

SERVO READ MODE 

A position error signal (PES) is generated based on the 
relative amplitude of two servo signals, A and B. 
Rectified servo signal peaks are captured on hold 
capacitors at the HO L DA/B pins. This is accomplished 
by pulling LATCHA or LATCHB low for a sample pe- 
riod. Additionally, a default hold capacitor d ischar ge 
curren t of 1 .5 mA can be turned on by pulling RSTA or 
RSTB low. This default 1 .5 mA discharge current can 
be modified by tying a resistor between CS and GND 
or VCC1 . A resistor to GND increases the discharge 
current, while a resistor to VCC1 decreases it. The 
equation for increasing the discharge current is: 

lcs=22.5VH ^ k+ ^ CS I, Res > 15 kQ 



15k -Res 

For decreasing the discharge current, the equation is: 

ICS=22.5V>f RcS " 22 - 5k l Res > 22.5 kfl 
\^ 15k*Rcs ) 

Outputs BURSTA/B & PES are referenced to an exter- 
nal reference applied to the VREF pin. 

In servo read mode (see Figure 4) the BYP2 pin is 
connected to the GAIN pin and the servo channel gain 
is determined by the read channel gain as controlled by 
the sum of the A and B amplitudes. In this case a 
current is sourced/sinked to/f rom the capacitor on the 
GAIN/BYP2 pin wheneverthe HOLD2 pin is pulled high. 
The current magnitude and direction is determined by: 

Ic = K4[(Ks • Vagc2) - Va(DIN)pp - Vb(DIN)pp] 
Where: 

Vagc2 = AGC2 pin voltage = 2.3V with pin open. 
K4 = 640uA/Vpp 
K5 = 0.50VW 

Va/b(DIN)pp = peak to peak A or B servo pattern 
signal voltages at DIN± 



WRITE MODE 

In Write Mode the SSI 32P3030 Pulse Detector section 
is disabled and preset for the following Read Mode. 
The digital circuitry is disabled, the input AGC amplifier 
gain is held at its previous value and the AGC amplifier 
input impedance is reduced to about 250£1 

Holding the AGC amplifier gain and reducing input 
impedance shortens system Write to Read recovery 
times. 

The lowered input impedance improves settling time 
by reducing the time constant of the network between 
the SSI 32P3030 and a head preamplifier such as the 
SSI 32R4610AR. Write to read timing is controlled to 
maintain the reduced impedance for 0.9 us before the 
AGC circuitry is activated. Coupling capacitors should 
be chosen with as low a value as possible consistent 
with adequate bandwidth to allow more rapid settling. 

MODE CONTROL 

Thedevice circuit mode is con trolled b y the ENABLE, 
R/W, AGCMODE, HOLD1 and HOLD2 pins a shown in 
Table 1. 

DATA READ MODE 

AGC active and controlled by data, Digital section 
active. 

DATA READ MODE, HOLD 

AGC gain held constant, Digital section active. Gain 
will drift higher or lower at a rate determined by Cbypi 
and Hold mode leakage current. 

SERVO READ MODE I (See Figures 4 & 5) 
The BYP2 and GAIN pins are tied together. Read 
amplifier AGC contr ol voltag e developed from sum of 
Servo signal levels. HOLD2 is toggled to update the 
control voltage after each Servo frame. 

CALIBRATE MODE 



A low lev el on C ALIBR ATE shall force LATCHA and 
LATCHB low and RSTA and RSTB high to measure the 
offset of the entire servo BURSTA, BURSTB, and PES 
channel. 

WRITE 

Read amplifier input impedance reduced. AGC gain 
held constant, RD stays high. 

POWER DOWN 

Circuit switched to a low current disabled mode. 
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Note : When AGCMODE is switched to a low state the voltage at the BYP1 pin will be held constant subject to Hold 
mode leakage current induced drift. So, when returning to Data Read Mode, the channel gain will be the same 
as it was prior to AGCMODE switching or slightly higher/lower. 



TABLE 1 : SSI 32P3030 Circuit Mode Control 



ENABLE 


R/W 


AGC 
MODE 


HOLD1 


HOLD2 


READ PATH MODES 




1 


1 


1 


X 


Data Read Mode 




1 


1 





X 


Data Read Mode Hold 




1 





X 


1 


Servo Read Mode - Sample 
Servo Read Mode - Hold 




1 





X 










X 


X 


X 


Write 





X 


X 


X 


X 


Power Down 



CIN+ | > 

CIN- | > 

ENH | > 

DIN+ | > 

DIN- | > 




Threshold 



FIGURE 3: ENH Provides Two Pulse Qualification Modes. 
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K " 



-Q- 



BYP1 Q- 



j AQCMOI 



□ 

HoLdi 



5^ 



1 



Lj A0C1 



□ 
AGC1 



READ PULSE 
QUALIFICATION 
CIRCUITRY 



/ / 



□ □ 

latcha/B RSTS-B 



□ 

AGC2 



I 



FIGURE 4: Servo Read Mode 
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+0.5 V 
+0.25 V 
0V 
-0.25 V 
-0.5 V 

Vlatcha 

Vrsta 
Vlatchb 

Tds3- 
Vrstb 



A CHANNEL 
DISCHARGE CURRENT 

B CHANNEL 
DISCHARGE CURRENT 

VREF+1.5V 
Vbursta 

VREFV 

Vburstb 

VREF +0.75 V 




-Tdsl 



K-Tds2 



- 4us Typ - 



VREFV 



y v 





V 


V 















































































/ 


V 


V 

















VREF +0.75 V 
VPES VREF V 

HOLD2 
AGC AMP GAIN 

0V/V 



HOLD1 ~~|_ 



AGC MODE | 



AAA 



-Tud- 



-H 



"L 



200 ns Minimum 



-Hh- 



200 ns Minimum 



FIGURE 5: Servo Read Mode 1 
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PIN DESCRIPTION 



NAME 


TYPE 


DESCRIPTION 


VCC1 


I 


Analog (+5V) power supply for pulse detector. 


AGND 


I 


Analog ground pin for pulse detector block. 


VCC2 


• 
1 


Digital (+5 V) supply pin for data synchronizer block. 


DGND 


1 


Digital ground pin. 


IN+, IN- 


1 


Analog signal input pins. 


OUT+, OUT- 





Read path AGC Amplifier output pins. 


DIN*, DIN- 


1 


Analog input to the amplitude channel. 


CIN+, CIN- 


1 


Analog input to the time channel. 


DIF+, DIF- 


I/O 


Pins for external differentiating network. 


COUT 





Test point for monitoring the flip-flop clock input, pull-down resistor 
required. 


DOUT 





Test point for monitoring the flip-flop D-input, pull-down resistor required. 


BYP1,BYP2 


I/O 


An AGC timing capacitor or network is tied between each pin and GND. 
BYPt is for read data. BYP2 is for servo data. 


AGC1, AGC2 


1 


Reference input voltage for the read data AGC loop. (AGC1 ) and sampled 
servo AGC loop (AGC2). 


LEVEL 





Output from fullwave rectif ier that may be used for input to the hysteresis 
comparator. 


HYS 


1 


Hysteresis level setting input to the hysteresis comparator. 


HOLD1, HOLD2 


1 


TTL compatible pin that holds the AGC gain when pulled low. 


LATCHA, LATCHB 


1 


TTL compatible inputs that switch channel A or B into peak acquisition 
mode when low. 


RSTA, RSTB 


1 


TTL compatible input that enables the discharge of channels A & B hold 
capacitors when held low. 


CS 


1 


Hold capacitor discharge current magnitude is controlled by a resistor 
i roii i inis pin io vjiinl/ or vw i . it icii open inc utsiduii ouiiciii ib i .0 iiim. 


HOLDA, HOLDB 


I/O 


Peak holding capacitors are tied from each of these pins to AGND. 


VREF 





Reference voltage for Servo outputs. 


BURSTA, BURSTB 





Buffered hold capacitor voltage outputs. 


PES 





Position error signal, A minus B output. 


R/W 


1 


TTL compatible Read/Write control pin. A low input selects write mode. 


Enable 


1 


TTL compatible power up control. A low input selects a low power state. 


AGCMODE 


1 


TTL compatible pin that selects the AGC loop control input. A high selects 
BYP1, a low selects GAIN. 


Gain 


1 


A voltage at the pin may be used to control AGC gain. 


RD 





TTL compatible read output, a falling edge corresponds to a detected 
peak. 


CALIBRATE 


1 


Used to measure servo offset. 


ENH 


1 


TTL compatible pulse qualif ication control pin. A low input selects modes 
which ignore polarity of peaks. 
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ELECTRICAL SPECIFICATIONS 

Recommended conditions apply unless otherwise specified. 

ABSOLUTE MAXIMUM RATINGS 

Operation outside these rating limits may cause permanent damage to this device. 



PARAMETER 


RATING 


UNIT 


5V Supply Voltage, VCC1 , VCC2 


6.5 


V 


Pin Voltage (Analog pins) 


.3toVCC1 + .3 


V 


Pin Voltage (Digital pins) 


.3 to VCC2 + .3 
or +1 2 mA 


V 


Storage Temperature 


-65 to 150 


°c 


Lead Temperature (Soldering 10 sec.) 


260 





RECOMMENDED OPERATING CONDITIONS 

Currents flowing into the chip are positive. 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


Supply Voltage (VCC1 , VCC2) 




4.5 


5.0 


5.5 


V 


Tj Junction Temperature 








135 


°C 


Ambient Temperature 


ENABLE = High or Low 







80 


°c 


POWER SUPPLY 


IVCC1.2 Supply Current 


Outputs unloaded; 
ENABLE = high or open 




76 


110 


mA 


Pd Power dissipation 


Ta = 25°C, outputs unloaded 




380 


570 


mW 


ENABLE = Low 




140 


210 


mW 


LOGIC SIGNALS 


VIL Input Low Voltage 




-0.3 




0.8 


V 


VIH Input High Voltage 




2.0 




VCC+0.3 


V 


IIL Input Low Current 


VIL = 0.4V 


0.0 




-0.4 


mA 


IIH Input High Current 


VIH = 2.4V 






100 


uA 


VOL Output Low Voltage 


IOL = 4.0 mA 






0.5 


V 


VOH Output High Voltage 


IOH = -400 mA 


2.4 






V 
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MODE CONTROL 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


Enable to/from Disable 
Transition Time 


Settling time of external 
capacitors not included, 
trMMDLt pin nign lo/Trom low 






20 


MS 


Read to Write Transition Time 


R/W pin high to tow 






1.0 


MS 


Write to Read 
Transition Time 


R/W pin low to high 
AGC setting not included 


0.4 


0.9 


1.6 


MS 


AGC on to/from AGC off 
transition time 


AGC mode pin high to/from 
low 






2.0 


MS 


HOLD1 ON to/from HOLD1 OFF 
transition time 


HOLD1 pin high to/from low 






1.0 


MS 


HOLD2 ON to/from HOLD2 OFF 


HOLD2 pin high to/from low 






1.0 


MS 



READ MODE (R/W is High) 
AGC AMPLIFIER 

Unless otherwise specified, recommended operating conditions apply. Input signals are AC coupled to IN±. 
OUT± are loaded differentially with 800Q, and each side is loaded with < 10 pF to AGND, and AC coupled to 
DIN±. A 900 pF capacitor is connected between BYP1/BYP2 and AGND. An 1 1 00 pF capacitor is connected 
between BYP1/BYP2 and VCC1 . AGC1/AGC2 pin is open. 



PARAMETER 


CONDITION 


MIN 


NOM 


MAX 


UNIT 


Minimum Gain Range 


1.0 Vp-p < (OUT+) - (OUT-) 
<2.6Vp-p 


4 




80 


v/v 


AGC Input Range 




25 




250 


mVpp 


Output Offset Voltage Variation 


Over entire gain range 


-500 




+500 


mV 


Maximum Output 
Voltage Swing 


Set by BYP1 pin 


2.6 






Vpp 


Differential Input Resistance 


(IN+)-(IN-) = 100 mVp-p 
@ 2.5 MHz 


4 


5.4 


7.5 


kQ 


Differential Input Capacitance 


(IN+)-(IN-) = 100mVp-p 
@ 2.5 MHz 




4 


10 


PF 


Single-Ended Input 
Impedance 


R/W = high, IN+ or IN- 


2 


2.7 


3.8 


kQ 


R/W = low, IN+ or IN- 




160 


250 


Q 


Input Noise Voltage 


Gain set to maximum, 
RS = 0, BW=15MHz 




5 


15 


nV/VHz 


Bandwidth 


-3 dB bandwidth at 
maximum gain 


30 






MHz 


OUT+&OUT- Pin Current 


No DC path to AGND 


±2.5 


±4.0 




mA 


CMRR (Input Referred) 


(IN+) = (IN-) = 100 mVp-p 
@ 5 MHz, gain set to max 


40 






dB 
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AGC AMPLIFIER (continued) 



PARAMETER 


UUNUI 1 WJvi 


MIM 
IVIIIM 


MOM 
INWIVI 


MAY 


UNIT 


PSRR (Input Referred) 


VCC1 , 2 = 100 mVp-p 
@ 5 MHz, gain set to max 


30 






dB 


(DIN+) - (DIN-) Input K2 
Swing vs. AGC1 Input K1 
(DIN+) - (DIN-) = 
(V A GcrK1)-K2 


25 mVp-p < (IN+) - (IN-) 
< 250 mVp-p, HOLD = high, 
0.5 Vp-p < (DIN+) - (DIN-) 
<1.5 Vp-p 


.54 


.64 


.74 


Vp-p/V 


0.5 


0.75 


1.0 


V 


(DIN+) - (DIN-) Input Voltage 
Swing Variation 


25 mVp-p < (IN+) - (IN-) 
< 250 mVp-p 






5.0 


% 


AGC1 Voltage 


AGC1 open 


1.8 


2.2 


2.7 


V 


AGC1 Pin Input Impedance 




4.8 


6.5 


9.5 


kQ 


Slow AGC Discharge Current 


(DIN+) - (DIN-) = 0V 


2.8 


4.5 


6.5 


uA 


Fast AGC Discharge Current 


Starts at 0.9 us after R/W 
goes high, stops at 1 .8 us 


0.07 


0.12 


0.18 


mA 


BYP1 Leakage Current 


HOLD1 =low, 10 < Gain < 80 


-0.2 




+0.2 


uA 


Gain Pin Leakage Current 


HOLD2 = low, 10 < Gain < 80 


-0.2 




+0.2 


ma 


Slow AGC Charge Current 


(DIN+) - (DIN-) = .563 VDC, 
V AGC1 =2.3V 


-0.11 


-0.18 


-0.27 


mA 


Fast AGC Charge Current 


(DIN+) - (DIN-) = 0.8 VDC, 
V AGC1 - 2.3 V 


-0.9 


-1.4 


-2.1 


mA 


Fast to Slow Attack 
Switchover Point 


[( DIN+)-(DIN-)] 
[(DIN+)-(DIN-)]FINAL 


110 




140 


% 


Gain Decay Time (Td) 


(IN+) - (IN-) = 250 mVp-p to 
125 mVp-p@2.5 MHz, 
(OUT+) - (OUT-) to 90% final 
value 


12 


20 


36 


us 


(IN+) - (IN-) = 50 mVp-p to 
25 mVp-p at 2.5 MHz 
(OUT+) - (OUT-) to 90% 
final value 


38 


60 


110 


us 


Gain Attack Time 


R/W low to high 
(IN+) - (IN-) = 250 mVp-p 
@ 2.5 MHz, (OUT+) - (OUT-) 
to 110% final value 


.8 


2 


3.6 


us 
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HYSTERESIS COMPARATOR 

Unless otherwise specified, recommended operating conditions applyjnput (DIN+) - (DIN-) is an AC coupled, 
1 .0 Vp-p, 2.5 MHz sine wave. 0.5 VDC is applied to the HYS pin. R/W pin is high. 



PARAMETER 


CONDITION 


MIN 


NOM 


MAX 


UNIT 


Input Signal Range 








1.5 


Vp-p 


Differential Input Resistance 


(DIN+)-(DIN-) = 100 mVp-p 
@ 2.5 MHz 


8 


10 


14 


kQ 


Differential Input Capacitance 


(DIN+)-(DIN-) = 100 mVp-p 
@ 2.5 MHz 




3.0 


5.0 


PF 


Single-Ended Input 
Impedance 


DIN+ or DIN- 


4 


5 


7 


ka 


Slope of Level Gain 


Calculated from 
0.6<DIN±<1.5 Vppd 


.85 


1 


1.2 


V/Vp-p 


Intercept of Level Gain 


DIN± - Vppd 





0.13 


0.26 


V 


Level Gain 




Slope + (Intercept / DIN ppd) 


Level Pin Output Impedance 


Level = 0.2 mA 


100 


200 


300 


Q 


Level pin Maximum 
Output Current 




1.5 






mA 


Slope of Hysteresis Gain 


Calculated from 
0.3V < HYS < 1.0V 


0.32 


0.36 


0.44 


V/V 


Intercept of Hysteresis Gain 


HYS = 


-0.04 


-0.025 





V 


Hysteresis Gain 




Slope + (Intercept / HYS Voltage) 


HYS Pin Current 


0.3V < HYS < 1.0V 


0.0 




-5 


MA 


Tracking Hysteresis 
Threshold Tolerancf 




-15 




+15 


% 


DOUT Pin Output Low Voltage 


5kQfrom DOUT to GND 


VCC 
-2.5 


VCC 
-2.0 


VCC 
-1.35 


V 


DOUT Pin Output High Voltage 


5knfrom DOUT to GND 


VCC 
-2.0 


VCC 
-1.6 


VCC 
-1.1 


V 


ACTIVE DIFFERENTIATOR 

Unless otherwise specified, recommended operating conditions apply. Input (CIN+) - (CIN-) is an AC-coupled, 
1 .0 Vp-p, 2.5 MHz sine wave. 100ft in series with 65 pF are tied from DIF+ to DIF-. 


Input Signal Range 








1.5 


Vp-p 


Differential Input Resistance 


(CIN+)-(CIN-) = 100 mVp-p 
@ 2.5 MHz 


8 


10 


14 


k!2 


Differential Input Capacitance 


(CIN+)-(CIN-) = 100 mVp-p 
@ 2.5 MHz 




3.0 


5.0 


PF 


Single-Ended Input Impedance 


CIN+ orCIN- 


4 


5 


7 


kQ 


Voltage Gain From 
CIN± to DIF± 


(DIF+ to DIF-) = 2kQ 




1 




V/V 


DIF+ to DIF-Pin Current 


Differentiator impedance must 
be set so as to not clip the 
signal for this current level 


±0.7 






mA 
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ACTIVE DIFFERENTIATOR (Continued) 

Unless otherwise specified, recommended operating conditions apply. Input (CIN+) - (CIN-) is an AC-coupled, 
1.0 Vp-p, 2.5 MHz sine wave. 100£2 in series with 65 pF are tied from DIF+ to DIF-. 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


COUT Pin Output Low Voltage 


5kQfrom COUT to GND 


VCC 
-2.5 


VCC 
-2.0 


VCC 
-1.35 


V 


COUT Pin Output High Voltage 


5katrom COUT to GND 


VCC 
-2.0 


VCC 
-1.6 


VCC 
-1.1 


V 


COUT Pin Output Pulse Width 




22 


35 


52 


ns 



R/W- 
LowQ- 



.9ps 



Fast Discharge Switch 



.9fis 



(DIN+-DIN-) 



J 



R/W- 
LowQ - 



Fast Discharge Switch 



Fast Slow 
Charge Charge 

Figure A: AGC Attack Sequence 



.9fis 



I 



l 

j Fast 1 Slow 
Discharge Discharge 

Figure B: AGC Decay Sequence 



FIGURE 6: AGC Timing Diagram 



OUTPUT DATA CHARACTERISTICS (See Figure 7) 

Unless otherwise specified, recommended operating conditions apply. Inputs (CIN+) - (CIN-) and (DIN+) - (DIN-) 
are in-place as an AC coupled, 1 .0 Vp-p, 2.5 MHz sine wave. 1 00Q in series with 65 pF are tied from DIF+ to 
DIF-. 0.5V is appjied to the HYS pin. RD is loaded with a 4 kQ resistor to VCC and a 1 pF capacitor to DGND. 
ENABLE and R/W pins are high. 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


Td1 D Flip-Flop Set Up 
Time 


Minimum allowable time 
delay from (DIN+) - (DIN-) 
exceeding hysteresis 
point to (DIF+) - (DIF-) 
hitting a peak value. 









ns 


Td3 Propagation Delay 






15 


40 


ns 


ITd3-Td4l Pulse Pairing 


2.5 MHz sine wave input 






1.5 


ns 


lTd3-Td4l Pulse Pairing 


4 MHz sine wave input 






1.0 


ns 


Td5 Output Pulse Width 




22 


35 


52 


ns 
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+HYSTERESIS LEVEL 

V(IN+)-(CIN-) 

and OV 
V(DIN+)-(DIN-) 

-HYSTERESIS LEVEL 



V(DIF+)-(DIF-) 



DIFFERENTIATOR 
COMPARATOR 
OUTPUT 

VDOUT 
VCOUT 

m 

VDOUT 
VCOUT 




n tl 



n 



n 



u _J 



• ENH HIGH 



u 



JT 



Td3 



Td4 



i_r 



u 



■ ENH LOW 



Td5 



FIGURE 7: Read Mode Digital Section Timing Diagram 

SERVO SECTION (Unless otherwise specified, recommended operating conditions apply.), LATCH A/B = 
Low, RST A/B = High, CS Pin Open 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


VREF Voltage Range 




2.25 


2.5 


2.75 


V 


VREF Pin Input Impedance 




30 






kQ 


AGC2 Pin Voltage 


AGC2 Pin Open, 


1.8 


2.3 


2.7 


V 


AGC2 Pin Input Impedance 




4.8 


6.5 


9.5 


kQ 


BURSTA/B pin Output 
Voltage vs (DIN+) - (DIN-) 


LATCHA/B = Low 

Vbursta/b-VREF 
(DIN+) _ (DIN _) =15V/Vp-p 


-20 




+10 


% 
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SERVO SECTION (Continued) 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


BURSTA/B Output 

Offset Voltage 
Vburst - VREF 


l(HOLDA) = l(HOLDB) =-20 pA, 
LATCHA, B = Low 
CS pin open 
(DIN+) = (DIN-) 


-150 




+150 


mV 


BURSTA - BURSTB Output 
Offset Match 


LATCHA/B = tow 
(DIN+) = (DIN-) 


-15 




+15 


mV 


Maximum PES Pin Output 
Voltage 


Controlled by AGC2 






VCC1-1.5 


Vpp 


PES Pin Output Offset Voltage 


Vpes - VREF, (DIN+) = (DIN-) 
LATCHA/B = Low 


-15 




+15 


mV 


Output Resistance, BURSTA/B & 
PES pins 


Iload±500uA 






50 


Q 


Hold A/B Charge Current 


LATCHA/B = Low 


8 






mA 


HOLDA/B Discharge 


RSTA/B = Low, 
vO pin open 


0.8 


1.5 


2.2 


mA 


RSTA/B = High, 
LATCHA/B = High 


-0.2 




+0.2 


MA 


Load Resistance 

di idpta /r> r»r~o _ * — 

BURSTA/B, PES pins 


Resistors to GND 


10.0 






kQ 


Load Capacitance 
BURSTA/B, PES pins 








20 


PF 


LATCHA/B pin set up time 


(Tds1 in Figure 5) 


150 






ns 


LATCHA/B pin Hold Time 


(Tds2 in Figure 5) 


150 






ns 


Channel A/B Discharge 
Current Turn On time 


(Tds3 in Figure 5) 






150 


ns 


Channel A/B discharge 
Current Turn Off time 


(Tds4 in Figure 5) 






150 


ns 


BYP2 Pin Leakage Current 


HOLD2 = Low 


-0.2 




+0.2 


MA 


BYP2 Pin Charge/Discharge 
Current 

IC = K4[(K5 • VAGC2) - 

Va(din)pp - Vb(din)pp] 


K 4> HOLD2 = High 


400 


640 


880 


pA/Vpp 


Ks, HOLD2 = High 


0.4 


0.5 


0.7 


V/V 


Maximum BYP2 pin 
charge/discharge current 




190 


300 


450 


MA 


VPES pp VS. VAGC2 


Vpes pp/VAGC2 


1.18 


1.33 


1.5 


Vpp/V 


Vpes pp Swing 
AGC2 = Open 


2.4 


3 


3.6 


Vpp 
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PACKAGE PIN DESIGNATION 

(Top View) 



CAUTION: Use handling procedures necessary 
for a static sensitive component. 



AGND [ 7 
BYP1 [ 8 
GAIN [ 9 
IN+[ 10 
IN-[ 11 
NC[ 12 
VCC1 [ 13 
HOLD2[ 14 
ENABLE [ 15 
CALIBRATE [ 16 
HOLD1 [ 17 



<5 3 



* 5 5 



2 1 44 43 42 41 40 

O 1 



W < CD (0 



o 

8 



I i I s H § § 



18 19 20 21 22 23 24 25 26 27 



]HYS 
] LEVEL 
]ENH 
]DOUT 
"] HOLDA 
] HOLDB 
]CS 
32 ] DGND 
31 ] LATCHA 
30 ] LATCHB 
29 ]RTJ 



5 -8 



i i ± 

O 5 O 



nc q 1 

AGNO [ 2 
BYP1 [ 3 
GAIN [ 4 
NC [ 5 
IN+ [ 6 
IN- [ 7 
VCC1 [ 8 
HOLD2 [ 9 
ENABLE [ 1C 
CALIBRATE [ 11 
HOLD1 [ 
NC [ 



, in..r-i i i— ,j i 
/ 52 51 50 49 



47 46 45 



8 t t o 

< Q Q Z 

i_rn-.cn- r~i r~i... 

43 42 41 40 



i ] HYS 
38 ] LEVEL 
37 ] ENH 
36 ] DOUT 
35 ] NC 
34 ] HOLDA 
33 ] HOLDB 
32 ] CS 
31 ] DGND 
30 ] LATCHA 
29 ] LATCHB 
28 ] W 

13 27 ] NC 

14 15 16 17 18 19 20 21 22 23 24 25 26 j 



44-Pin PLCC 



52-Pin QFP 



THERMAL CHARACTERISTICS: 8ja 



44-Pin PLCC 


60° C/W 


52-Pin QFP 


75° C/W 



ORDERING INFORMATION 



PART DESCRIPTION 


ORDER NO. 


PKG. MARK 


SSI 32P3030 44-Pin PLCC 
SSI 32P3030 52-Pin QFP 


32P3030-CH 
32P3030-CG 


32P3030-CH 
32P3030-CG 



No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders. 



Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680 (714)573-6000, FAX (714) 573-6914 



©1990 Silicon Systems, Inc. 
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DESCRIPTION 

The SSI 32P3040 is a bipolar integrated circuit that 
provides all data processing necessary for detection 
and qualification of encoded read signals. The circuit 
will handle a data rate of 32 Mbit/s. 

In read mode the SSI 32P3040 provides amplification 
and qualification of head preamplifier outputs. Pulse 
qualification is accomplished using level qualification 
of differentiated input zero crossings. An AGC amplifier 
is used to compensate for variations in head preamp 
output levels, presenting a constant input level to the 
pulse qualification circuitry. The AGC bop can be 
disabled so that a constant gain can be used for 
embedded servo decoding or other processing needs. 

Write to read transient recovery is enhanced by provid- 
ing AGC input impedance switching and a selectable 
Fast Recovery mode that provides a higher decay 
current. 

Additionally, the SSI 32P3040 contains an integrated 
programmable electronic filter with cutoff frequencies 
between 2.5 and 13 MHz. High frequency boost (for 
pulse slimming) of up to +9db is also provided. The SSI 
32P3040 requires only a +5V power supply and is 
available in 36-lead SOM and 32-lead TQFP packages. 
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Programmable Filter 



December 1992 

FEATURES 

• Compatible with 32 Mbit/s data rate operation 

• Fast attack/decay modes for rapid AGC recovery 

• Dual rate charge pump for fast transient recov- 
ery charge pump currents track programmable 
channel bandwidth 

• Low drift AGC hold, fast AGC recovery, and low 
AGC input impedance control signals. Circuitry 
supports programmable gain non-AGC operation 

• Temperature compensated, exponential con- 
trol AGC 

• Precision wide bandwidth fullwave rectifier 

• Supports programmable pulse slimming equal- 
ization and programmable channel filter and 
differentiator with noexternal filter components 

• ±2% Filter group delay variation from 0.3FC to 
FC 

• Servo burst output available 

• Differential hysteresis qualifier comparator to 
ease clock channel timing 

• Accurate feed forward or fixed threshold set 
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FEATURES (continued) 

• 1 ns max pulse pairing with sine wave input 

• 5 mW low power idle mode 

• TTL read data output 

• +5V only operation 

• 36-pin SOM and 32-pin TQFP packages 



FUNCTIONAL DESCRIPTION 

The SSI 32P3040 Pulse Detector is designed to support 
a 32 Mbit/s data rate. The signal processing circuits 
include a wide band variable gain amplifier, a 
programmable electronic filter, differentiator and pulse 
slimming equalizer, a precision wide bandwidth 
fullwave rectifier, and a dual rate charge pump. A fully 
differential filter, differentiator, equalizer, and fullwave 
rectifier are provided to minimize external noise pick-up. 
To optimize recovery for constant density recording, the 
AGC charge pump current tracks the programmable 
filter current IFI. The differentiator zero tracks the 
programmable filter cutoff frequency. Thus in constant 
density recording applications, an approximately 
constant differentiated signal amplitude is maintained. 
The desired filter response and equalization are easily 
programmed with the SSI 32D4661, Time Base 
Generator DACs. A dual rate attack charge pump and a 
Fast Decay mode are included for fast transient 
recovery. At maximum IFI current, the normal AGC 
attack current is 0.28 mA. When the signal exceeds 
125% of the nominal signal level, the attack current is 
increased by a factor of 5. The nominal decay current at 
max IFI is 5.6 uA. The decay current is increased 20 
times when in the fast decay mode. In this mode, 
transients that produce low gain will recover more 
rapidly with the fast decay current, while transients that 
produce high gain will put the circuit in the fast attack 
recovery mode. The decay modes are automatically 
controlled within the device. When R/W is low, the AGC 
is in its hold mode and its input impedance is switched 
low. When R/W is switched high, the AGC remains in the 
hold and low input impedance state for 0.7 us and then 
switches to the fast decay mode for 0.7 us. The AGC 
amplifier input impedance is reduced to allow quick 
recovery of the A GC am plifier input AC coupling 
capacitors. When the HOLD input is low, the AGC action 
is stopped and the AGC amplifier gain is set by the 
voltage at the BYP pin. In most applications, the B YPpin 
voltage is stored on an external capacitor when HOLD 



goes tow. In applications where AGC action is not 
desired, the BYP voltage can be set by a resistor divider 
network connected from VCC to VRC. If a 
programmable gain is desired, the resistor network 
could be driven by a current DAC. The precision 
fullwave rectifier produces an accurate Level and Servo 
output signal. These outputs are referenced to the 
reference voltage VRC. SERVO and LEVEL are 
buffered open emitter outputs with 100 ohm series 
current limiting resistors. These outputs could be further 
filtered with external capacitors. 

LEVEL has an internal 50 uA discharge current source. 
An optional Servo output capacitor discharge circuit can 
be included. An external resistor connected to the RX 
pin sets the electronic filter reference current which is 
the source from pin IFO. If a programmable frequency 
response is desired, a portion of the current from IFO, 
which is proportional to absolute temperature, must be 
injected into pin IFI. This could be accomplished by a 
current DAC. Some frequency response programming 
may be accomplished by connecting IFO to IFI and 
switching different resistors to pin RX. Frequency boost 
is accomplished by varying the voltage at VBP. VBP has 
a nominal 1 00 mV built-in offset so that the circuit has 
dB boost for VBP below 100 mV. The voltage at VBP 
should be proportional to the reference voltage at pin 
VRG. 

A differential comparator with floating hysteresis 
threshold allows differential signal qualification for noise 
rejection. An accurate feed forward qualification level is 
generated by comparing the difference between LEVEL 
and VRC. VRC is referenced to VCA. Thus with the VTH 
resistor network connected from VCA to VRC, an 
accurate fixed threshold can be established. The 
threshold is clamped to a minimum value of 50 mV. Thus 
a qualified signal must exceed this minimum level even 
when the VTH-VRC voltage is zero. A qualified signal 
zero crossing triggers the output one shot. The one shot 
period is set internally. Low level differential outputs are 
provided for high speed operation and to minimize noise 
generation. 
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PIN DESCRIPTION 



INPUT PINS 



NAME 


TYPE 


DESCRIPTION 


VIA+, VIA- 




AGC Amplifier input pins. 


IN+, IN- 




Equalizer/filter input pins. 


DP, DN 




Data inputs to data comparators and fullwave rectifier. 


CP, CN 




Differentiated data inputs to the dock comparator. 


VTH 




Threshold level setting input for the data comparators. 


R/W 




TTL compatible input when high puts the charge pump in the normal mode. 


PWR 




TTL compatible input when high puts the circuit in its normal operating mode. 


HOLD 




TTL compatible input when low disables the AGC action by turning off the 
charge pump. 


DCHG 


1 


Optional TTL compatible input pin when low produces a discharge current 
at the SERVO pin. Not available in 36 pin SO package. 


OUTPUT PINS 


VOA+, VOA- 





AGC amplifier output pins. 


ON+, ON- 





Equalizer/filter normal output pins. 


OD+, OD- 





Equalizer/filter differentiated output pins. 


DOUT 





Test point for monitoring the data F/F D-input. Usage requires an external 
2.4K resistor from DOUTto GND. (Not available in 32-pin TQFP package.) 


COUT 





Test points for monitoring the data F/F clock inputs. Usage requires an 
external 2.4K resistor from DOUT to GND. 
(Not available in 32-pin TQFP package.) 


RD 





TTL compatible read data output pins. 


LEVEL 





Open NPN emitter output that provides a fullwave rectified signal forthe VTH 
input. The signal is referenced to VRC. 


SERVO 





OpenNPN emitter output that provides a fullwave rectified servo signal. The 
signal is referenced to VRC. 


ANALOG PINS 


VRC 




Reference voltage pin for SERVO and LEVEL. VRC is referenced to VCA. 


VRG 




Reference voltage pin for the programmable filter. VRG is referenced to 
ground. 


VBP 




— — - — e 

The equalizer high frequency boost is set by an external voltage applied to 
this pin. VBP must be proportional to VRG. Programmable boost is 
implemented by using a DAC that uses VRG as its reference. A fixed amount 
of boost can be set by an external resistor divide network connected from 
VBP to VRG and GND. 


RX 




Pin to set filter reference current. External resistor Rx from this pin to ground 
sets the filter reference current IFO. 


IFO 




Reference current output pin. The reference current is normally supplied 
as the reference current to a current DAC which generates the program- 
mable input current forthe IFI pin. 
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PIN DESCRIPTION (continued) 
ANALOG PINS (continued) 



NAME 


TYPE 


DESCRIPTION 


IFI 




Programmable filter input current pin. The filter cutoff frequency is proportional 
to the current into this pin. The current must be proportional to the reference 
current out of IFO. A fixed filter cutoff frequency is generated by connecting 
IFO to IFI and selecting Rx to set the desired frequency. 


AGC 




Optional reference voltage input for the AGC. The reference voltage is nor- 
mally set by an internal resistor divider for VCC to VRC. (Not available in 36 
pin SO package). 


BYP 




The AGC integrating capacitor Ca is connected between BYP and VCA. 


VGA, VCD.VCD2 




Analog and Digital +5 volts. 


AGND, DGND, 
DGND2 




Analog and Digital grounds. 



ELECTRICAL SPECIFICATIONS 

Unless otherwise specified, 4.5V<VCC<5.5V, 0°C<Ta<70°C 
ABSOLUTE MAXIMUM RATINGS (Operation above maximum ratings may damage the device.) 



PARAMETER 


RATING 


Storage Temperature 


-65to+150°C 


Junction Operating Temperature.Tj 


+130°C 


Supply Voltage, VCA, VCD 


-0.7to7V 


Voltage Applied to Inputs 


-0.5 to VCA, VCD +0.5V 


RECOMMENDED OPERATING CONDITIONS 


PARAMETER 


RATING 


Supply Voltage VCA = VCD = VCC 


4.5V<VCC<5.5V 


Ambient Temperature, Ta 


0°C<Ta<70°C 



POWER SUPPLY 



PARAMETER 


CONDITIONS 


MIN 


NQM 


MAX 


UNIT 


ISS 


Supply Voltage Current 


Active mode 




75 


90 ' 


mA 


Low- Power mode 




1 


1.5 


mA 


PD 


Power Dissipation 


Active mode 




400 


500 


mW 


Low- Power mode 




5 


8 


mW 
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LOGIC SIGNALS 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


VIL TTL Input Low Voltage 




-0.3 




0.8 


V 


VIH TTL Input High Voltage 




2.0 




VCC +0.3 


V 


ML TTL Input Low Current 


VIL - 0.4V 






-0.4 


mA 


IIH TTL Input High Current 


VIH = 2.7V 






0.1 


mA 


VOH TTL Output High Voltage 


IOH = -400uA 


2.4 






V 


VOL TTL Output Low Voltage 


IOL = 3mA 






0.5 


Vpp 


TRDRF Output Rise and Fall Time 


CL = 15pF 






7 


ns 


TH Hold Input Switching Times 








0.3 


us 


TWR Write to Read Input Short Time 


R/W pin low to high 


0.5 




1.4 


us 


AGC AMPLIFIER 

The input signals are AC coupled to VIA+ and VIA-, VOA+ and VOA- are AC coupled to IN+ and IN-, ON+ and 
ON- are AC coupled to DP and DN, Ca 1 000 pF, Fin =4 MHz. Unless otherwise specif ied, the output is measured 
differentially at VOA+ and VOA-, Fin = 4 MHz and filter boost at Fc = OdB. 


VIR Input Range 


Filter boost at FC - dB 


24 




240 


mVppd 


Filter boost at FC - 9 dB 


20 




120 


mVppd 


vurN ur-UN voltage 


/\/IA .\ /I /I A \ A 4 \ 

(VIA+) - (VIA-) = 0.1 Vpp 


0.95 




1.05 


vppd 


VDPNV DP-DN Voltage Variation 


24 mV < (VIA+) - ( VIA-) < 240 mV 






8.0 




AV Gain Range 




1.9 




22 


v/v 


AVPV Gain Sensitivity 






38 




dB/V 


VOADR V0A+, VOA- Dynamic Range 


THD = 1% max 


0.75 






Vpp 


ZIN Input Impedance 


ri/W=high 


3.0 




7.5 


kQ. 


ZCMIN Common Mode 
Input Impedance 


R/W = high 




1.5 




ka 


R/W = low 




200 




Q 


VOS Output Offset Voltage 
Variation 


Over gain range 


-200 




+200 


mV 


VINO Input Noise Voltage 


gain = max, filter not 
connected to VOA+, VOA-, 
Rs = 0Q, Bw = 15MHz 




5 


10 


nV/VHz 


BW Bandwidth 


No AGC action 


55 


75 




MHz 


CMRR Common-mode Rejection Ratio 


gain = max, Vin = VDC + 
100mVpp@5MHz 


40 


65 




dB 


PSRR Power Supply Rejection Ratio 


gain = max, 100 mVpp @ 
5 MHz on VCA, VCD, VCD2 


45 


67 




dB 


TGD Gain Decay Time 


VI A+ VIA- « 240 mV to 120 mV 
VOA+ VOA- >0.9 Final Value 
BYP <, 1000 pF, IFI = ma>f 




34 


44 


us 


TGA Gain Attack Time 


VIA+ VIA- = 120 mV to 240 mV 
VOA+ VOA-<1.1 Final Value 
BYP <, 1000 pF, IFI = max 




1.5 


2 


MS 
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ELECTRICAL SPECIFICATIONS (continued) 



Unless otherwise specified, 4.5V<VCC<5.5V, 0°C<Ta<70°C 
AGC CONTROL 

The input signals are AC coupled to DP and DN. Ca = 1 000 pF, LEVEL load - 50 uA, SERVO load = 1 00 uA. 



DADAIICTCD 

PAKAMcI en 


CONDITIONS 


MIN 


NOM 


MAX 


1 IMIT* 

UNIT 


VDI DP-DN Signal Input Range 








1.4 


Vpp 


ALO Level (Servo) Output Gain 


DP-DN = .5 to 1 Vpp 


0.73 




0.81 


VA/pp 


BWL Level (Servo) Output Bandwidth 


1 dB 


15 






MHz 


VLO Level Offset Voltage 


Output-VRC, IL = 50 pA 






30 


mV 


VSO Servo Offset Voltage 


Output - VRC, IL = 100 uA 






30 


mV 


ZLS Level fServo) OutDut Imoedancp 


IL = 100 llA 




200 


300 


Q 


ID Discharge Current 






0.008 x 
IFI 




mA 


IDF Fast Discharge Current 


0.7 to 1 .4 us after R/W goes 
high 




20xld 




mA 


ICH Charge Pump Attack Current 






50xld 




mA 


ICHF Charge Pump Fast Attack 
Current 


DP-DN = 1.35 Vpp 




5 x Ich 




mA 


IBYP Pin Leakage Current 


HOLD - low 


-0.1 




0.1 


uA 


VRC Reference Voltage 




VCC-2.52 




VCC-2.15 


V 


IVRC Output Drive 




-0.75 




0.75 


mA 


VRG Reference 




2.15 




2.5 


V 


IVRG Source Current 




1 






mA 


VAGC Pin Voltage 






VRC+1.0 




V 


EQUALIZER/FILTER The input signals are AC coupled to IN+ and IN-. 


fc Filter Cutoff Frequency 


/c = 19.14(IFI/IFO)(1/Rx) 


2.5 




13.5 


MHz 


Vrx PTAT Reference Current 
Set Output Voltage 


TA = 25°C 

Irx = 0- 0.7 mA 

Rx>1.21kQ 




850 




mV 


IFOR PTAT Reference Current 
Output Current Range 


TA = 25°C 

1.21 kn<Rx<7.73kft 
IFO = Vrx/Rx 


0.11 




0.7 


mA 
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EQUALIZER/FILTER (continued) 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


IFIR PTAT Programming 
Current Range 


TA = 25 C, Vrx = 850 mV 


0.1 1 




0.7 


mA 


vbrrt input voltage Kange 









VHb 


V 


ibr input bias current 








3 


MA 


FCA Filter FC Accuracy 


FC = 5 to 13.5 MHz 


-10 




+10 


% 


AO [(ON+)-(ON-)]/[(IN+)-(IN-)] 
Normal Gain 


F = 0.67 FC 


1.4 




2.2 


v/v 


AD [(OD+)-(OD-)]/[(IN+)-(IN-)] 
Diff Gain 


F = 0.67 FC 


1.0AO 




1.3AO 


v/v 


FB Frequency Boost at FC 


FB = 20 log [1.884(VBP-0.1) 
/VRH+ll VRP -0 1 ->n 

/ v nvjiT i J v Dr v. i 







9.5 


dB 




FR - Q HR 

ru — J UD 


- 1 




+ 1 


HR 


I O u VJIUUU Ucldy vallculUll 


FB = to 9 dB 


o 
c. 




+<L 


/o 


V00 Output Offset Voltage 


Variation over entire frequency range 


-200 




+200 


mV 


VOF Filter Output Dynamic Range 


TLjn _ -1 CO/ moy 

1 nu — 1 .O /o ilia A 


I .u 






vpp 


THD = 3.0% max 
F = 0.67 FC 


1.5 






Vpp 


RINF Filter Input Resistance 




4.0 


6.0 


8.0 


kQ 


CINF Filter Input Capacitance 








7 


PF 


RO Filter Output Resistance 


10 = 0.5 mA 




70 


85 


Q 


IFOD Filter Output Drive Current 




-1 




+1 


mA 


VNN Eout Output Noise Voltage 
ON+ ON- 


BW=100MHz, Rs =500. 
IFI = 0.7 mA, VBP = 




2.2 


3.0 


mVRMS 


BW= 100 MHz, Rs = 50^ 
IFI = 0.7 mA, VBP = VRG 




3.0 


4.5 


mVRMS 


VND Eout Output Noise Voltage 
OD+ OD- 


BW= 100 MHz, Rs = 50Q 
IFI = 0.7 mA, VBP = 




5.4 


6.4 


mVRMS 


BW=100 MHz, Rs = 50a 
IFI = 0.7 mA, VBP = VRG 




9.6 


10.6 


mVRMS 
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DATA COMPARATOR 

The input signals are AC coupled to DP and DN. 



DR DP-DN Signal Range 








1.5 


Vpp 


RINDC Differential Input Resistnace 




7 




14 


kQ 


CINDC Differential Input Capacitance 








5 


PF 


ATH Threshold Voltage Gain, Kth 


0.3 < VTH-VRC < 0.75 


0.42 




0.49 


V/V 


VIAMIN Minimum Threshold Voltage 


VTH-VRC< 0.11V 




.05 




V 


TPDDC Propagation Delay 


To DO+, DO- 




10 




ns 


ITH VTH Input Bias Current 








2 


uA 


DOUTSS DOUT Signal Swing 


2.4Kfrom DOUT to GND 




0.5 




V 



CLOCKING 

The input signals are AC coupled to CP and CN. 



CR CP-CN Signal Range 








1.5 


Vpp 


RINCL Differential Input Resistance 




7 




14 


kQ 


CINCL Differential Input Capacitance 








5 


PF 


TDS D F/F Set Up Time 


DP-DN threshold to 
CP-CN zero cross 









ns 


TPP Pulse Pairing 


Vs = 1Vpp, F = 2.5 MHz 






1 


ns 


TPDCL Propagation Delay to RD 


Vs = 20 mVpp sq wave 




14 


20 


ns 


RDPW Output Pulse Width 


Measured at 1 .4V level 


10 




27 


ns 


COUTS Signal Swing 


2.4K from COUT to GND 




0.5 




V 
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PACKAGE PIN DESIGNATIONS 

(Top View) 



THERMAL CHARACTERISTICS: 6ja 



32-Lead TQFP 


124° C/W 


36-Lead SOM 


75° C/W 



nnnnnnnn 



/ 32 31 30 29 28 27 26 25 



IN- 




1 


24 


VBP 




2 


23 


IFO 




3 


22 


RX 




4 


21 


IFI 




5 


20 


AGND 




6 


19 


OUTN+ 




7 


18 


OUTN- 




8 

c 


17 

10 11 12 13 14 15 16 



VTH 

LEVEL 

SERVO 

PWR 

R/W 

HOLD 

DGND 

VCD 



uuuuuuuu 



o o 



32-Lead TQFP 



CAUTION: Use handling procedures necessary 
for a static sensitive component. 



VRG 


c 




36 


] 


VIA+ 


VOA- 


[J 


2 


35 


] 


VIA- 


VOA+ 


[ 


3 


34 


] 


BYP 


IN+ 


c 


4 


33 


] 


VRC 


IN- 


c 


5 


32 


□ 


VTH 


VBP 


[ 


6 


31 


D 


LEVEL 


IFO 


[ 


7 


30 


□ 


SERVO 


RX 


[ 


8 


29 


□ 


PWR 


IFI 


[ 


9 


28 


D 


R/W 


GND 


[ 


10 


27 


D 


HOLD 


ON+ 


[ 


11 


26 


□ 


GND 


ON- 


c 


12 


25 


D 


DGND2 


OD- 


[ 


13 


24 


] 


COUT 


OD+ 


[ 


14 


23 


D 


VCD 


DN 


c 


15 


22 


D 


VCD2 


DP 


[ 


16 


21 


D 


DOUT 


CN 


[ 


17 


20 


□ 


RD- 


CP 


[ 


18 


19 


D 


VCA 



36-Lead SOM 



ORDERING INFORMATION 



PART DESCRIPTION 


ORDER NO. 


PKG. MARK 


SSI 32P3040 
32-Lead Thin Quad Flatpack 


32P3040-CGT 


32P3040-CGT 


36-Lead Small Outline 


32P3040-CM 


32P3040-CM 



No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders. 
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SSI 32F8001/8002 
Low-Power Programmable 
Electronic Filter 



A TDK Group f Company 



DESCRIPTION 

The SSI 32F8001/8002 Programmable Electronic 
Filters provide an electronically controlled low-pass 
filter with a separate differentiated tow-pass output. A 
seven-pole, low-pass filter is provided along with a 
single-pole, single-zero differentiator. Both outputs 
have matched delays. The delay matching is 
unaffected by any amount of programmed equalization 
or bandwidth. This programability combined with low 
group delay variation make the SSI 32F8001/8002 
ideal for use in constant density recording applications. 
Pulse slimming equalization is accomplished by a two- 
pole, low-pass with a two-pole, high-pass feed 
forward section to provide complimentary real axis 
zeros. A variable attenuator is used to program the 
zero locations. 

The SSI 32F8001 programmable equalization and 
bandwidth characteristics can be controlled by 
external DACs. Fixed characteristics are easily 
accomplished with three external resistors, in addition 
equalization can be switched in or out by a logic signal. 

The SSI 32F8002 is identical to the SSI 32F8001, 
except for the cutoff frequency range, which is 6 to 1 8 
MHz in the SSI 32F8002. 

The SSI 32F8001/8002 require only a +5V supply and 
are available in 16-pin SON and SOL packages. 



Advance Information 



December 1992 

FEATURES 

• Ideal for multi-rate systems applications 

• Programmable filter cutoff frequency (/c = 9 
to 27 MHz, 32F8001 ; /c = 6 to 18 MHz, 32F8002) 

• Programmable pulse slimming equalization 
(0 to 1 3 dB boost at the filter cutoff frequency) 

• Matched normal and differentiated low-pass 
outputs 

• Differential filter input and outputs 

• ±10% cutoff frequency accuracy 

• ±2% maximum group delay variation from 
0.2 fc to fc here, 

9 MHz < fc < 27 MHz SSI 32F8001 

6 MHz < fc < 18 MHz SSI 32F8002 

• Total harmonic distortion less than 1 .5% 

• No external filter components required 

• +5V only operation 

• 16-pin SON and SOL package 

• Pin compatible with SSI 32F801 1 



BLOCK DIAGRAM 



PIN DIAGRAM 




Low Pass 




Filter 

w ....... v .,.,.. v , w i 





Summer 



Low Pass 
Filter 



VO_NORM+ 
VO NORM- 



High Pass "Wj VO_DIFF+ 
Filter *H5 v O_DIFF- 

IT^ - 



QVPTAT 



O PWRON 



ISI/C [ 1 
VO_NORM- [ 2 
VO_NORM+ [ 3 
VCC [ 4 
VIN- [ 5 
VIN+ [ 6 
VBP [ 7 
FBST [ 8 



] VO_DIFF+ 
] VO_DIFF- 
] PWRON 
] VPTAT 
] N/C 
] IFP 
] VFP 
] GND 



CAUTION: Use handling procedures necessary 
for a static sensitive component. 
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FUNCTIONAL DESCRIPTION 

The SSI 32F8001/8002 are high performance 
programmable electronic filters. They feature a 7-pole 
0.05° equiripple linear phase filter with matched normal 
and differentiated outputs. 

CUTOFF FREQUENCY PROGRAMMING 

The SSI 32F8001 programmable electronic filter can 
be set to a filter cutoff frequency from 9 to 27 MHz with 
no boost (6 to 18 MHz for the SSI 32F8002). 

Cutoff frequency programming can be established 
using either a current source fed into pin IFP whose 
output current is proportional to the SSI 32F8001/8002 
output reference voltage VPTAT, or by means of an 
external resistor tied from the output voltage reference 
pin VPTAT to pin VFP. The former method is optimized 
using the SSI 32D4661 Time Base Generator, since 
the current source into pin IFP is available at the DAC 
F output of the SSI 32D4661 . Furthermore, the voltage 
reference input is supplied to pin VR3 of the 
SSI 32D4661 by the reference voltage from the VPTAT 
pin of the SSI 32F8001/8002. This reference voltage is 
internally generated by a band-gap circuit in conjunction 
with a temperature varying reference to create a voltage 
which is proportional to absolute temperature. 

The VPTAT voltage will compensate for internal 
temperature variation of the fc and boost circuits. 

The cutoff frequency, determined by the -3dB point 
relative to a very low frequency value (< 10 kHz), is 
related to the current IVFP injected into pin IFP by the 
following formulas. 

fc (ideal, in MHz) 

(32F8001) = 45.0 • IFP = 45.0 • IVFP • 1 .8/VPTAT 

(32F8002) = 30.0 • IFP = 30.0 • IVFP • 1 .8/VPTAT 

where IFP and IVFP are in mA, 0.2 < IFP < 0.6 mA, and 
VPTAT is in volts. Ta » 25°C. 

If a current source is used to inject current into pin IFP, 
pin VFP should be left open. 

If the SSI 32F8001/8002 cutoff frequency is set using 
voltage VPTAT to bias up a resistor tied to pin VFP, the 
cutoff frequency is related to the resistor value by the 
following formulas. 



fc (ideal, in MHz) 

(32F8001) = 45.0 • IFP = 45.0 • 1 .8/(3 • Rx) 
(32F8002) = 30.0 • IFP = 30.0 • 1 .8/(3 • Rx) 
Rx inkft 

If pin VFP is used to program cutoff frequency, pin IFP 
should be left open. 

MAGNITUDE EQUALIZATION PROGRAMMING 

The magnitude equalization, measured in dB, is the 
amount of high frequency peaking at the cutoff frequency 
relative to the original -3 dB point. For example, when 
1 2 dB boost is applied, the magnitude response peaks 
up 9 dB above the DC gain. 

The amplitude of the input signal at frequencies near 
the cutoff frequency can be increased using thisfeature. 
Applying an external voltage to pin VBP which is 
proportional to reference output voltage VPTAT 
(provided by the VPTAT pin) will set the amount of 
boost. A fixed amount of boost can be set by an 
external resistor divider network connected from pin 
VBP to pins VPTAT and GND. No boost is applied if pin 
FBST, frequency boost enable, is at a low logic level. 

The amount of boost FB at the cutoff frequency Fc is 
related to the voltage VBP by the formula 

FB (ideal, in dB) = 20 log 10 [3.46(VBP/VPTAT)+1], 
where < VBP < VPTAT.^ 

POWER ON / OFF 

The SSI 32F8001/8002 support a power down mode 
for minimal idle mode powerdissipation. When PWRON 
is pulled up to logic 1 , the device is in normal operation 
mode. When PWRON is pulled down to logic 0, or left 
open, the device is in the power down mode. 
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PIN DESCRIPTION 



NAME 


TYPE 


DESCRIPTION 


VIN+, VIN- 


I 


Differential Signal Inputs. The input signals must be AC coupled to these pins. 


VOJMORM+, 

Vv/__IN\JriM- 





Differential Normal Outputs. The output signals must be AC coupled. 


VO DIFF+, 
VO_DIFF- 





Differential Differentiated Outputs. For minimum time skew, these outputs 
should be AC coupled. 


IFP 


I 


Frequency Program Input. The filter cutoff frequency /c, is set by an external 
current IFP, injected into this pin. IFP must be proportional to voltage VPTAT. 
This current can be set with an external current generator such as a DAC. VFP 
should be left open when using this pin. 


VFP 


I 


Frequency Program Input. The filter cutoff frequency can be set by program- 
ming a current through a resistor from VPTAT to this pin. IFP should be left 
onpn whpn u<unn thi<5 nin 


VBP 


I 


Frequency Boost Program Input. The high frequency boost is set by an 
external voltage applied to this pin. VBP must be proportional to voltage 

X/PTAT A AypH simm int nf Knnct pan hp cpt hv an PYtPrnal rp^fctor Hiviripr 

Vrlnl, r\ IIACU CUMULI III V/l UUUOl V/CIII UC OCl Uy Ctll CAICIIICII ItJOIOlVSI UIVIUCI 

network connected from VBP to VPTAT and GND. No boost is applied if the 
FBST pin is grounded, or at logic low. 


FBST 


I 


Frequency Boost. A high logic level or open enables the frequency boost 
circuitry. A low input disables this function. 


PWRON 


I 


Power On. A high logic level enables the chip. A low level or open pin puts the 
chip in a low power state. 


VPTAT 





PTAT Reference Voltage. This pin outputs a reference voltage which is 
proportional to absolute temperature (PTAT). VBP, VFP or IFP must be 
referenced to this pin for proper operation. 


VCC 





+5 Volt Supply. 


GND 


I 


Ground 



ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 

Operation above maximum ratings may damage the device. 



PARAMETER 


RATINGS 


Storage Temperature 


-65 °C to +150 °C 


Junction Operating Temperature, Tj 


+130 °C 


Supply Voltage, VCC 


-0.5V to 7V 


Voltage Applied to Inputs 


-0.5V to VCC 
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ELECTRICAL SPECIFICATIONS (continued) 
RECOMMENDED OPERATING CONDITIONS 



PARAMETER 


RATINGS 


Supply voltage, VCC 


4.50V < VCC < 5.50V 


Ambient Temperature 


°C < Ta < 70 °C 



ELECTRICAL CHARACTERISTICS 

Unless otherwise specified recommended operating conditions apply. 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


Power Supply Characteristics 


Power Supply Current 


ICC 


PWRON < 0.8V 




0.1 


0.5 


mA 


Power Supply Current 


ICC 


PWRON > 2.0V 




46 


60 


mA 


Power Dissipation 


PD 


PWRON > 2.0V, VCC - 5.0V 




230 


300 


mW 






PWRON > 2.0V, VCC - 5.5V 




275 


330 


mW 






PWRON < 0.8V 




0.5 


2.5 


mW 


DC Characteristics 


High Level Input Voltage 


VIH 


TTL input 


2.0 






V 


Low Level Input Voltage 


VIL 








0.8 


V 


High Level Input Current 


IIH 


VIH = 2.7\A 






20 


uA 


Low Level Input Current 


IIL 


VIL = 0.4V 






-1.5 


mA 


Filter Characteristics 


Filter Cutoff Frequency 
*(/ -3dB) 


7c 


32F8001 /c= 45 MHz " 
mA 


9.0 




27.0 


MHz 






IVFP = 0.2 to 0.6 uA, Ta = 25v °C 








32F8002 30 MHz ^ 
mA 


6 




18 


MHz 


Filter /c Accuracy 


FCA 


/c = max. 


-10 




+10 


% 


VO_NORM Diff Gain 


AO 


F = 0.67 /c, FB = dB 


0.8 




1.20 


V/V 


VOJDIFF Diff Gain 


AD 


F = 0.67/c, FB = dB 


0.85AO 




1.15AO 


V/V 


Frequency Boost at /c 


FB 


VBP = VPTAT fc = max. 


11.5 


13.0 


14.5 


dB 






fc = min. 


11.0 


12.5 


14.0 


dB 


Frequency Boost Accuracy FBA 


VBP/VPTAT = 0.5255 fc = max. 


-1 




+1 


dB 






VBP/VPTAT=1.0 /c = max. 


-1.5 




+1 .5 


dB 
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Filter Characteristics (continued) 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


Group Delay Variation TGDO 
Without Boost 


/c = max. J VBP 32F8001 


-500 




+500 


ps 


VPTAT — 












F = 2 f c to f c 32F8002 


-750 




+750 


DS 




/c = min., VBP n 32F8001 


•I c 
-1 .0 




+ 1 .O 


ns 




VPTAT 32F8002 
F = 0.2/cto/c 


-2.25 




+2.25 


ns 




/C = 9 MHZ - 27 MHZ (32ro00 1) 


—2 




+2 


o/ 
/o 




/C = 6 MHz - 18 MHz (32F8002) 












F = 0.2/cto/c VBP 
VPTAT 












/c = 9 MHz - 27 MHz, VBP 


-4 




+4 


% 




VPTAT -0 












F= /cto 1.75 /c 32F8001 












/c = 6MHz-18MHz, VBP 

VPTAT" 


-3 




+3 


% 














F - /c to 1 .75 /c 32F8002 










TGDB 


/c = max, VBP = VPTAT 












32F8001 


-500 




+500 


ps 




F = 0.2/Cto/C 32F8002 


-750 




+750 






/c = min., VBP = VPTAT 32F8001 


-1.5 




+1 .5 


ns 




F = 0.2 to fc 32F8002 


-2.25 




+2.25 


ns 




fc = 9 MHz - 27 MHz (32F8001 ) 


-2 




+2 


% 




fc = 6 MHz - 18 MHz (32F8002) 












F - 2 fr to fr VRP - VPTAT 












fc = 9 MHz - 27 MHz, VBP = VPTAT 


-4 




+4 


% 




F = /ctO 1.75/c 32F8001 












fc = 6 MHz to 18 MHz, VBP = VPTAT 


-3 




+3 


% 




F = /ctO 1.75/C 32F8002 










Filter Input Dynamic Range VIF 


THD = 1% max, F = 0.67 /c, VBP = 0V 
(1000 pF across Rx) 


1.0 






Vpp 




THD = 1.5% max, F = 0.67 /c, VBP = OV, 
Normal output (1000 pF across Rx) 


1.5 






Vpp 




THD = 2.0% max, F = 0.67 /c, VBP = 0V, 
Differentiated output 
(1000 pF across Rx) 


1.5 






Vpp 
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ELECTRICAL SPECIFICATIONS (continued) 
Filter Characteristics (continued) 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


Filter Output Dynamic Range VOF 


THD = 1% max, F = 0.67 /c 
Rload > 1kfli (1000 pF across Rx) 


1.0 






Vpp 


Filter Diff Input Resistance RIN 




3.0 








Filter Input Capacitance CIN 








7 


PF 


Output Noise Voltage EOUT 
Differentiated Output 


BW=100 MHz, Rs = 50Q 

/c = max, VBP = 0V 32F8001 




3.6 




mVRms 


32F8002 




3.3 






Output Noise Voltage EOUT 

KlArmal f^i itrv it 
INUi llldl vJuipUl 


BW=100 MHz, Rs = 50Q 

/C = max, Vbr = UV o<:roUO 1 




C..O 




mVRms 


32F8002 




2.0 






Output Noise Voltage EOUT 
Differentiated Output 


BW=100 MHz, Rs = 50fl 

/c - max, VBP = VPTAT 32F8001 




5.8 




mVRms 


32F8002 




5.0 






Output Noise Voltage EOUT 
Normal Output 


BW=100 MHz, Rs = 50Q 

/C = max, VBP = VPTAT 32F8001 




2.9 




mVRms 


32F8002 




2.5 






Filter Output Sink Current IO- 




1.0 






mA 


Filter Output Source Current IO+ 




2.0 






mA 


Filter Output Resistance RO 
(Single ended) 


IO+= 1.0 mA 






60 


il 


Filter Control Characteristics 


Reference Voltage VPTAT 


Tj = 25 °C 




1.8 




V 


PTAT Voltage Input VFP 






2/3 VPTAT 




V 


Programming Current IVFP 
Range 


TA = 25 °C 


0.2 




0.6 


mA 


Programming Current V VBp 
Range 









VPTAT 


V 


Voltage at pin IFP V |Fp 


l VFp = 0mA 




2/3 VPTAT 




V 
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10dB/div 































































































§\ 


















































/c = 9 MHz; dB Boost 
© fc = 9 MHz; 13 dB Boost 
© fc = 27 MHz; dB Boost 








































\ 












= z/ mmz; la atj boosi 










\ 









































































100K 1M 10M 100M 



FIGURE 1: 32F8001 Normal Low Pass Response 



10dB/div. 




100K 1M 10M 100M 



FIGURE 2: 32F8001 Differentiated Low Pass Response 
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N/C □ 1 
VO_NORM- C 2 
VO_NORM+ C 3 
VCC(+5V) £4 
VIN- □ 5 
VIN+ □ 6 
VBP □ 7 
FBST Us 



5 □ VOJDIFF+ 
5 □ VO_DIFF- 





VPTAT=1.8V (25 °C) 

VVFP = 2/3 (VPTAT) 

IVFP range: 0.2 mA to 0.6 mA @25°C 

(9 to 27 MHz no boost 32F8001) 

(6 to 18 MHz no boost 32F8002) 



Fixed frequency programming is accomplished as shown in the drawing above. 

VPTAT 1 

In this case IVFP (programming current) is equivalent to •— 

3 R x 

i.e., /c = 27 MHz then 

IVFP = 0.6 mA @25 °C Rx = 1 KQ 

Fixed boost programming is also accomplished as shown above. In this case 
Vvbp is set by a voltage divider, where Vvbp is a fraction of VPTAT. 



i.e., 



boost = 9 dB then, 

VBP/VPTAT = 0.5255 9 dB = 20 log [3.46 (0.5255) + 1] 



2BP2 
^BP1 



1 



( VPTAT 



-=1.107 



1 



V VBP 

Cx = 1 000 pF - Cx is needed for lower THD at lower /c. 



FIGURE 4: 32F8001/8002 Applications Setup 
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1.31703 






S 2 +S 1.68495 + 1.31 703 




1 




-KS2 






S 2 +S 1.68495 + 1.31 703 





2.95139 
S 2 + S 1.54203 + 2.95139 



Normalized for COc = (2n) fc « 1 

AN and AD are adjusted for unity gain (0 dB) at F = 0.67 fc 
Denormalize the frequency by substituting S -* (S/2tc/c) 
Eq for fc - 27 MHz, S = S / [(2w)(27 x 1 6 )] 



5.37034 




0.86133 




An 


NORM 


S 2 +S 1.14558 + 5.37034 






S + 0.861 33 




















S 




Ao 


DIFF 




S + 0.861 33 





FIGURE 5: 32F8001/8002 Normalized Block Diagram 
TABLE 1 : 32F8001/8002 Frequency Boost Calculations 



Assuming 13 dB boost for 
VBP = VPTAT 


BOOSt 


K 


VBP 


Boost 


K 


VBP 


VPTAT 


VPTAT 


vbp jK-'H 

VPTAT" 3.46 


1 dB 


0.16 


0.035 


6dB 


1.31 


0.288 


2dB 


0.34 


0.075 


7dB 


1.63 


0.358 


3dB 


0.54 


0.119 


8dB 


1.99 


0.437 




4dB 


0.77 


0.169 


9dB 


2.40 


0.526 




5dB 


1.03 


0.225 


10 dB 


2.85 


0.625 










11 dB 


3.36 


0.737 










12 dB 


3.43 


0.862 










13 dB 


4.57 


1.00 



or, 



boost in dB=20log|^3.46^ V p^ T j+1 



VBP 
VPTAT 



Boost 



0.1 
0.2 
0.3 
0.4 
0.5 



2.581 dB 
4.568 dB 
6.184 dB 
7.546 dB 
8.723 dB 



VBP 
VPTAT 



Boost 



0.6 
0.7 
0.8 
0.9 
1.0 



9.760 dB 
10.686 dB 
11.522 dB 
12.285 dB 
13 dB 
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TABLE 2: Calculations 



Typical change in /-3 dB point with boost 



Boost (dB) 


Gain@/c (dB) 


Gain® peak (dB) 


/peak//c 


/-3dB//c 





-3 


0.00 


no peak 


1.00 


1 


-2 


0.00 


no peak 


1.21 


2 


-1 


0.00 


no peak 


1.51 


3 





0.15 


0.70 


1.80 


4 


1 


0.99 


1.05 


2.04 


5 


2 


2.15 


1.23 


2.20 


6 


3 


3.41 


1.33 


2.33 


7 


4 


4.68 


1.38 


2.43 


8 


5 


5.94 


1.43 


2.51 


9 


6 


7.18 


1.46 


2.59 


10 


7 


8.40 


1.48 


2.66 


11 


8 


9.59 


1.51 


2.73 


12 


9 


10.77 


1.51 


2.80 


13 


10 


11.92 


1.53 


2.87 


Notes: 1 . /c is the original programmed cutoff frequency with no boost 

2. /-3 dB is the new -3 dB value with boost implemented 

3. /peak is the frequency where the amplitude reaches its maximum 
value with boost implemented 

i.e., /c = 9 MHz when boost = dB 

if boost is programmed to 5 dB then f-3 dB = 19.8 MHz 

/peak =11.07 MHz 
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PACKAGE PIN DESIGNATIONS 

(Top View) 



N/C 

VO_NORM- 
VO_NORM+ 
VCC [ 
VIN 
VIN+ [ 
VBP [ 
FBST [ 



16 
15 
14 
13 
12 
11 
10 
9 



] VOJDIFF+ 
] VO_DIFF- 
] PWRON 
] VPTAT 
] N/C 
] IFP 
] VFP 
] GND 



32F8001/8002 
16-pin SON, SOL 



THERMAL CHARACTERISTICS: 8ja 



16-lead SON (150 mil) 


105°C/W 


16-lead SOL (300 mil) 


100°C/W 



Advance Information : Indicates a product still in the design cycle, and any specifications are based on design goals only. Do not use for final 
design. 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data sheet 
is current before placing orders. 



Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680 (714) 573-6000, FAX (714) 573-6914 



©1 992 Silicon Systems, Inc. 3-12 
Protected by the following patents: (5,063,309) (710,512) (823,067) 
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SSI 32F8011/8012 
Programmable 
Electronic Filter 



DESCRIPTION 

The SSI 32F801 1/8012 Programmable Electronic 
Filter provides an electronically controlled low-pass 
filter with a separate differentiated low-pass output. 
A seven-pole, Besses-type, low-pass filter is provided 
along with a single-pole, single-zero differentiator. Both 
outputs have matched delays. The delay matching is 
unaffected by any amount of programmed high fre- 
quency peaking (boost) or bandwidth. This program- 
mability, combined with low group delay variation makes 
the SSI 32F801 1/8012 ideal for use in many applica- 
tions. Double differentiation high frequency boost is 
accomplished by a two-pole, low-pass with a two- 
pole, high-pass feed forward section to provide comple- 
mentary real axis zeros. A variable attenuator is used 
to program the zero locations, which controls the 
amount of boost. 

The SSI 32F801 1/801 2 programmable boost and band- 
width characteristics can be controlled by external 
DACs or DACs provided in the SSI 32D4661 Time 
Base Generator. Fixed characteristics are easily ac- 
complished with three external resistors, in addition 
boost can be switched in or out by a logic signal. 

The SSI 32F801 1 /801 2 requires only a +5V supply and 
is available in 16-pin SON and SOL packages. 



December 1992 

FEATURES 

• Ideal for: 

- constant density recording applications 

- cellular telephone applications 

- radio 

- data acquisition 
-LAN 

• Programmable filter cutoff frequency 
(SSI 32F8011 fc = 5 to 13 MHz) 

(SSI 32F801 2 /c = 6 to 1 5 MHz) 

• Programmable high frequency peaking 

(0 to 9 dB boost at the filter cutoff frequency) 

• Matched normal and differentiated low-pass 
outputs 

• Differential filter input and outputs 

• ±0.75 ns group delay variation from 
0.2 fc to /c=13MHz 

• Total harmonic distortion less than 1% 

• +5V only operation 

• 16-pin SON, and SOL packages 



BLOCK DIAGRAM 



PIN DIAGRAM 



VIN+ 
VIN- 



Low Pass 
Filter 



High Pass 
Filter 




Filter 
Control 



Summer 




Variable 
Atten. 



GND1 



g Q 

J_GND2 Tvcci J\ 



VCC2 



Low Pass 
Filter 



— 6 VOJ 
— UVO I 



High Pass 
Filter 



VREF 



BIAS 



VO_NORM+ 
VO NORM- 



VO_DIFF+ 
VO DIFF- 



0VR 



Q PWRON 



GND1 [ 1 
VO_NORM- [ 2 
VO_NORM+ [ 3 
VCC1 [ 4 
VIN- [ 5 
VIN+ [ 6 
VBP [ 7 
FBST [ 8 



16 
15 
14 
13 
12 
11 
10 
9 



] VO_DIFF+ 
] VO_DIFF- 
] PWRON 
] VR 
] VCC2 
] IFP 
] VFP 
] GND2 



1292 -rev. 
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FUNCTIONAL DESCRIPTION 

The SSI 32F801 1/801 2, a high performance program- 
mable electronic filter, provides a low pass Bessel-type 
seven pole filter with matched normal and differenti- 
ated outputs. The device has been optimized for usage 
with several Silicon Systems products, including the 
SSI 32D4661 Time Base Generator, the SSI 32P54x 
family of Pulse Detectors, and the SSI 32P4720 
Combo chip (Data Separator and Pulse Detector). 

CUTOFF FREQUENCY PROGRAMMING 

The programmable electronic filter can be set to a filter 
cutoff frequency from 5 to 1 3 MHz (with no boost) for SSI 
32F801 1 and 6 to 15 MHz for SSI 32F8012. 

Cutoff frequency programming can be established us- 
ing either a current source fed into pin I FP whose output 
current is proportional to the SSI 32F801 1/801 2 output 
reference voltage VR, or by means of an external 
resistor tied from the output voltage reference pin VR to 
pin VFP. The former method is optimized using the SSI 
32D4661 Time Base Generator, since the current source 
into pin IFP is available at the DAC F output of the 
32D4661. Furthermore, the voltage reference input is 
supplied to pin VR3 of the 32D4661 by the reference 
voltage VR from the VR pin of the 32F801 1/8012. This 
reference voltage is an internally generated bandgap 
reference, which typically varies less than 1% over 
supply voltage and temperature variation. 

The cutoff frequency, determined by the -3dB point 
relative to a very low frequency value (< 10 kHz), is 
related to the current IVFP injected into pin IFP by the 
following formulas. 

SSI 32F8011 

Fc (ideal, in MHz) = 16.25-IFP = 16.25-IVFP-2.2/VR 
SSI 32F8012 

Fc (ideal, in MHz) = 18.75-IFP = 1 8.75*1 VFP-2.2/VR 
where IFP and IVFP are in mA, 0.31<IFP<0.8 mA, and 
VR is in volts. 

If a current source is used to inject current into pin IFP, 
pin VFP should be left open. 



If the 32F801 1/8012 cutoff frequency is set using volt- 
age VR to bias up a resistor tied to pin VFP, the cutoff 
frequency is related to the resistor value by the following 
formulas. 

SSI32F8011 

Fc (ideal, in MHz) = 16.25-IFP = 16. 25-2. 2/(3- Rx) 
SSI 32F8012 

Fc (ideal, in MHz) = 18.75-IFP = 18. 75-2. 2/(3- Rx) 
where Rx is in kQ, 0.917<Rx<2.366k£l 

If pin VFP is used to program cutoff frequency, pin IFP 
should be left open. 

SLIMMER HIGH FREQUENCY BOOST 
PROGRAMMING 

The amplitude of the output signal at frequencies near 
the cutoff frequency can be increased using this fea- 
ture. Applying an external voltage to pin VBP which is 
proportional to reference output voltage VR (provided 
by the VR pin) will set the amount of boost. A fixed 
amount of boost can be set by an external resistor 
divider network connected from pin VBP to pins VR and 
GND. No boost is applied if pin FBST, frequency boost 
enable, is at a low logic level. 

The amount of boost FB at the cutoff frequency Fc is 
related to the voltage VBP by the formula 

FB (ideal, in dB) = 20 log-| [1 .884(VBP/VR)+1], where 
0<VBP<VR. 
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PIN DESCRIPTION 



NAME 


DESCRIPTION 


VIN+, VIN- 


DIFFERENTIAL SIGNAL INPUTS. The input signals must be AC coupled to these pins. 


VO NORM+, 
VO_NORM- 


DIFFERENTIAL NORMAL OUTPUTS. The output signals must be AC coupled. 


VO_DIFF+, 
VO_DIFF- 


DIFFERENTIAL DIFFERENTIATED OUTPUTS. For minimum time skew, these 
outputs should be AC coupled to the pulse detector. 


IFP 


FREQUENCY PROGRAM INPUT. The filter cutoff frequency FC, is set by an external 
current IFP iniected into thi<? Din IFPmustbGDroDortionalto voltaae VR This current can 

vui i vi ti ii i y ii ilvviwU ii i iv u ii w ui i !■ ii i ii iuoi Im/i vmvi ii\/i ioi iw v v/im^w Vll> II IIW \AJ II VI H VWI ■ 

be set with an external current generator such as a DAC. VFP should be left open when 
using this pin. 


VFP 


FREQUENCY PROGRAM INPUT. The filter cutoff frequency can be set by programming 
a current through a resistor from VR to this pin. IFP should be left open when using this pin. 


VBP 


FREQUENCY BOOST PROGRAM INPUT. The high frequency boost is set by an external 
voltage applied to this pin. VBP must be proportional to voltage VR. Af ixed amount of boost 
can be set by an external resistor divider network connected from VBP to VR and GND. No 
boost is applied if the FBST pin is grounded, or at logic low. 


FBST 


FREQUENCY BOOST. A high logic level or open input enables the frequency boost 
circuitry. 


PWRON 


POWER ON. A high logic level or open circuit enables the chip. A low level puts the chip 
in a low power state. 


VR 


REFERENCE VOLTAGE. Internally generated reference voltage. 


VCC1, VCC2 


+5 VOLT SUPPLY. 


GND1.GND2 


GROUND 



ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 

Operation above maximum ratings may damage the device. 



PARAMETER 


RATINGS 


UNIT 


Storage Temperature 


-65 to +150 


°C 


Junction Operating Temperature, Tj 


+130 


°c 


Supply Voltage, VCC1, VCC2 


-0.5 to 7 


V 


Voltage Applied to Inputs 


-0.5 toVCC + 0.5 


V 


IFP, VFP Inputs Maximum Current* 


<1.2 


mA 


* Exceeding this current may cause frequency programming lockup. 
RECOMMENDED OPERATING CONDITIONS 


PARAMETER 


RATINGS 


UNIT 


Supply voltage, VCC1 , VCC2 


4.5 < VCC1 ,2 < 5.50 


V 


Ambient Temperature 


< Ta < 70 


°c 
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ELECTRICAL CHARACTERISTICS 



Power Supply Characteristics (Unless otherwise specified, recommended operating conditions apply.) 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNITS 


ICC Power Supply Current 


PWRON < 0.8V VBP = VR 




14 


17 


mA 


VBP = 0V 




12 


15 


mA 


ICC Power Supply Current 


PWRON > 2.0V 




67 


80 


mA 


DC Characteristics 


PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNITS 


VIH High Level Input Voltage 


TTL input 


2.0 




VCC+0.3 


V 


VIL Low Level Input Voltage 




-0.3 




0.8 


V 


IIH High Level Input Current 


VIH = 2.7V 






20 


uA 


ML Low Level Input Current 


VIL = 0.4V 






-1.5 


mA 


Filter Characteristics 


PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNITS 


FCA Filter /c Accuracy 


using VFP pin 
Rx = 0.917 kQ 


32F8011 


11.7 




14.3 


MHz 


32F8012 


13.5 




16.5 


MHz 


AO VO_NORM Diff Gain 


F = 0.67/c, FB = 0dB 


0.8 




1.20 


V/V 


AD VO_DIFF Diff Gain 


F = 0.67 fc, FB = dB 


0.8AO 




1.0AO 


V/V 


FBA Frequency Boost Accuracy 


VBP = VR @ fc = 5 MHz 


8.5 


9.5 


10.5 


dB 


TGDO Group Delay Variation 
Without Boost* 


fc = Max fc, VBP = 0V 
F = 0.2 fc to fc 


-0.75 




+0.75 


ns 


TGDB Group Delay Variation 
With Boost* 


fc = Max fc, VBP = VR 
F = 0.2/cto fc 


-0.75 




+0.75 


ns 


VIF Filter Input Dynamic Range 


THD =1% max, F = 0.67 fc 
(no boost) 


1.5 






Vpp 


VOF Filter Output Dynamic Range 


THD = 1% max, F = 0.67 fc 


1.5 






Vpp 


RIN Filter Diff Input Resistance 




3.0 


3.8 




kQ 


CIN Filter Diff Input Capacitance* 






2.5 


7 


pF 


EOUT Output Noise Voltage* 
Differentiated Output 


BW=100 MHz, Rs = 50Q, 
l/p = 0.8 mA, VBP = 0.0V 




5.5 


6.8 


mVRms 


EOUT Output Noise Voltage* 
Normal Output 


BW =100 MHz, Rs = 50Q 
l/p = 0.8 mA, VBP = 0.0V 




2.75 


3.6 


mVRms 


EOUT Output Noise Voltage* 
Differentiated Output 


BW=100 MHz, Rs = 50ft 
l/p = 0.8 mA, VBP = VR 




6.0 


8.1 


mVRms 


EOUT Output Noise Voltage* 
Normal Output 


BW= 100 MHz, Rs = 50Q 
l/p = 0.8 mA, VBP = VR 




3.25 


4.4 


mVRms 



* Not directly testable in production, design characteristic. 
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SSI 32F8011/8012 
Programmable 
Electronic Filter 



ELECTRICAL CHARACTERISTICS (continued) 
Filter Characteristics (continued) 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNITS 


IO- Filter Output Sink Current 




1.0 






mA 


IO+ Filter Output Source Current 




2.0 






mA 


RO Filter Output Resistance 
Single ended 


Source Current (IO+) = 1 mA 






60 


Q 


Filter Control Characteristics 


PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNITS 


VR Reference Voltage Output 




2.0 




2.40 


V 


lyp Reference Output 
Source Current 








2.0 


mA 



32F8011/8012 



GND1 
VO_NORM- 
VO_NORM+ Q 3 
VCC1 (+5V) 

VIN- □ 
VIN+ □ 
VBP 
FBST 





□ VO_DIFF+ 

□ VO_DIFF- 

□ PWR_ON 

□ VR 



□ VCC2(+5V): 

□ IFP 

□ VFP 

□ GND2 -, 



:Rx 



FIGURE 1 : 32F8011/8012 Applications Setup, 16-Pin SO or DIP 



VR = 2.2V IVfp = 0.33VR/RX 

VFP = 0.667 VR IVfp range: 0.31 mA to 0.8 mA 

(5 MHz to 13 MHz for SSI 32F801 1) 
(6 MHz to 15 MHz for SSI 32F801 2) 



VFP is used when programming current is set with a resistor from VR. When VFP is used IFP must be left 
open. 
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SSI 32F8011/8012 
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- to ^Controller 




Control 



Boost 
Control 



( SeriaJContro 'i 

DACF w***- 



VR3 



32F8011/8012 



7-b* 
DAC 

M 



Lock 
Loop 



Go 



7-bit 
DAC 



7-bit 
DAC 



foltt 

^ To Data Sync 



DACI 
To Data Sync 



DACM 
To Data Sync 



32D4661 



Q 



— 



Charge 




FWR 


Pump 





OFF 




OS 





• To Data Sync 



32P54X 



FIGURE 2: Applications Setup, Constant Density Recording 
32F801 1/801 2, 32P54X, 32D4661 



IOF - DACF output current F = DAC setting: 0-1 27 

IOF = (0.98F«VR)/1 27Rx Full scale, F = 1 27 

Rx = (0.98F-VR)/1 27IOF For range of Max /c then IFP = 0.8 mA 

Rx = current reference setting Therefore, for Max programming current 

resistor range to 0.8 mA: 

VR = Voltage Reference = 2.2V Rx = (0.98)(2.2/0.8) = 2.7 kQ 



Please note that in setups such as this where IFP is used for cutoff frequency programming VFP must be left 
open. 
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39 4 ' 

2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0 18.0 20.0 

Frequency (MHz) 

FIGURE 3: 32F8011/8012 Typical Group Delay Variation (Differentiated Output) 




a) /c = 5 MHz No Boost 

b) fc = 5 MHz Max Boost 

c) /c= 10 MHz No Boost 



d) /c= 10 MHz Max Boost 

e) /c=15MHz No Boost 

f) /c= 15 MHz Max Boost 
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SSI 32F8011/8012 
Programmable 
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a) fc = 5 MHz (Ref = 80 ns) 

b) fc = 10 MHz (Ref = 45 ns) 

c) fc = 15 MHz (Ref = 35 ns) 



2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0 22.5 25.0 



Frequency (MHz) 

FIGURE 6: 32F8011/8012 Typical Group Delay Variation 
(Differentiated Output) Maximum Boost 




a) fc = 5 MHz (Ref = 80 ns) 

b) fc = 10 MHz (Ref = 45 ns) 

c) fc = 15 MHz (Ref = 35 ns) 



2.5 5.0 7.5 10,0 12.5 15.0 17.5 20.0. 22.5 25.0 



Frequency (MHz) 

FIGURE 7: 32F8011/8012 Typical Group Delay Variation 
(Differentiated Output) No Boost 
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a) fc = 5 MHz (Ref = 80 ns) 

b) fc = 10 MHz (Ref = 45 ns) 

c) fc = 15 MHz (Ref = 35 ns) 



2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0 22.5 25.0 



Frequency (MHz) 

FIGURE 9: 32F8011/8012 Typical Group Delay Variation 
(Normal Low Pass Output) No Boost 
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+2.94933 
S 2 +3.22597S+ 2.94933 



-KS* 



S*+ 3.22597S + 2.94933 



3.32507 




4.20534 


S*+2.75939S + 3.32507 




S*+1. 82081 S + 4.20534 



Normalized for Cue = (2k) fc * 1 
AN and AD are adjusted for unity gain (0 dB) at F = 0.67 fc 
Denormalize the frequency by substituting S -► (S/2rc/c) 
Eq for fc = 1 3 MHz, S - S / [(2n) (1 3 • 1 6 )] =* S / 8. 1 681 4 7 



DIFF 



FIGURE 12: 32F801 1/8012 Normalized Block Diagram 
TABLE 1: 32F801 1/8012 Frequency Boost Calculations 



Assuming 9.2 dB boost for VBP = VR 

VBP Jl0 (FB/20, )-1 
VR ~ 1.884 


Boost K VBP/VR 


Boost K VBP/VR 


1 dB 0.36 0.065 
2dB 0.76 0.137 
3dB 1.22 0.219 
4dB 1.73 0.310 
5dB 2.30 0.413 


6 dB 2.94 0.528 

7 dB 3.65 0.658 

8 dB 4.46 0.802 

9 dB 5.36 0.965 


or, 

boost in dB = 20 log 1.884 + 


VBP/VR Boost 


VBP/VR Boost 


0.1 1.499 dB 
0.2 2.777 dB 
0.3 3.891 dB 
0.4 4.879 dB 
0.5 5.765 dB 


0.6 6.569 dB 
0.7 7.305 dB 
0.8 7.984 dB 
0.9 8.613 dB 
1.0 9.200 dB 



TABLE 2: Calculations 



Typical change in /-3 dB point 


Boost (dB) 


Gain @ fc (dB) 


Gain @ peak (dB) 


fpeak//c 


f-3dB//c 


with boost 





-3 


0.00 


no peak 


1.00 




1 


-2 


0.00 


no peak 


1.20 




2 


-1 


0.00 


no peak 


1.47 




3 





0.15 


0.62 


1.74 




4 


1 


1.00 


1.08 


1.96 




5 


2 


2.12 


1.24 


2.13 




6 


3 


3.35 


1.24 


2.28 




7 


4 


4.56 


1.39 


2.42 




8 


5 


5.82 


1.39 


2.54 




9 


6 


7.04 


1.39 


2.66 



Notes: 1. fc is the original programmed cutoff frequency with no boost 

2. /-3 dB is the new -3 dB value with boost implemented 

3. fpeak is the frequency where the magnitude peaks with boost implemented 

i.e., /c = 13 MHz when boost = 0dB 

if boost is programmed to 5 dB then f-3 dB = 27.69 MHz, fpeak = 16.12 MHz 
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PIN DIAGRAM 

(Top View) 



Thermal Characteristics: GjA 



GND1 [ 1 
VO.NORM- [ 2 
VO_NORM+ [ 3 
VCC1 [ 4 
VIN- [ 5 
VIN+ [ 6 
VBP [ 7 
FBST [ 8 



16 ] VOJDIFF+ 
15 ] VO_DIFF- 
14 ] PWRON 
13 ] VR 
12 ] VCC2 
11 ] IFP 
10 ] VFP 
9 ] GND2 



16-leadSON(150 mil) 


105° C/W 


16-leadSOL (300 mil) 


100° C/W 




16-pin SON, SOL 



ORDERING INFORMATION 



PART DESCRIPTION 


ORDER NO. 


PKG. MARK 


SSI 32F8011 


16-leadSON(150 mil) 


32F8011-CN 


32F8011-CN 


16-leadSOL (300 mil) 


32F8011-CL 


32F8011-CL 


SSI 32F8012 


16-leadSON (150 mil) 


32F8012-CN 


32F8012-CN 


16-leadSOL (300 mil) 


32F8012-CL 


32F8012-CL 



No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders. 



Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680 (714) 573-6000, FAX (714) 573-6914 



1292 -rev. 
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Low-Power Programmable 
Electronic Filter 



Preliminary Data 



DESCRIPTION 

The SSI 32F8020A/8022A Programmable Electronic 
Filter provides an electronically controlled low-pass 
filter with a separate differentiated low-pass output. A 
seven-pole, .05° Equiripple-type linear phase, low- 
pass filter is provided along with a single-pole, single- 
zero differentiator. Both outputs have matched delays. 
The delay matching is unaffected by any amount of 
programmed equalization or bandwidth. The SSI 
32F8021/8023 does not have differentiated outputs. 
This programability combined with low group delay 
variation makes the SSI 32F8020A/8022A/8021/8023 
ideal for use in constant density recording applications. 
Double differentiation pulse slimming equalization is 
accomplished by a two-pole, low-pass with a two- 
pole, high-pass feed forward section to provide 
complimentary real axis zeros. A variable attenuator is 
used to program the zero locations. 

The SSI 32F8020A/8022A programmable equaliza- 
tion and bandwidth characteristics can be controlled by 
external DACs or DACs provided in the SSI 32D4661 

(continued) 



January 1993 



FEATURES 



Ideal for constant density recording 
applications 

Programmable filter cutoff frequency (/c = 1 .5 
to 8 MHz) 

Programmable pulse slimming equalization 
(0 to 9 dB boost at the filter cutoff frequency) 
Matched normal and differentiated low-pass 
outputs (SSI 32F8020A/8022A) 

Differential filter input and outputs 

±10% cutoff frequency accuracy 

±2% maximum group delay variation from 
1.5- 8 MHz 

Total harmonic distortion less than 1% 
No external filter components required 
+5V only operation 
16-pin SON and SOL package 




BLOCK DIAGRAM 



PIN DIAGRAM 



VIN+ 
VIN- 



VBPL> 
FBST/LZ L> 
IFI/IFC L> 
IFOU> 



Low Pass 
Filter 












Summer 


! ' 


y i 


i 














High Pass 
Filter 




Variable 
Atten. 



Filter 
Control 



L-g •>» n n - 

j_GND1 J_GND2 Tv 

V - ▼ 



Low Pass 
Filter 



VO_NORM+ 
VO NORM- 



High Pass vo _ D,FF+/NC 
Filter ; — h V DIFF-/NC 



VREF 



UVR 



PTAT 
REF 



{JRX 



BIAS 



PWRON 



N/C [ 1 
VO_NORM- [ 2 
VO_NOF$M+ [ 3 
VCC [ 4 
VIN- [ 5 
VIN+ [ 6 
VBP [ 7 
FBST/LZ [ 8* 



14 
13 
12 
11 
*10 



16 ] VO_DIFF+/NC 
15 ] VO_DIFF-/NC 
] PWRON 
] VR 
] RX 
] IFO 
] IFI/IFC 
] GND 



= FBST - SSI 32F8020A/8021 

LZ - SSI 32F8022A/8023 
= IFI - SSI 32F8020A/8022A 
IFC-SSI32F8021/8023 
' Pin 15 & 16 = VO_DIFF - SSI 32F8020A/8022A 
N/C-SSI32F8021/8023 



' Pin 8 
'Pin 10 



0193- rev. 
Patent Pending 
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DESCRIPTION (continued) 

SSI32D4661 time base generator. Fixed characteristics 
are easily accomplished with three external resistors. 
External DACs are required forthe SSI 32F8021/8023 
to program the cutoff frequency. Forthe SSI 32F8020A/ 
8021 , equalization can be switched in or out by a logic 
signal.The input impedance of the SSI 32F8020A/ 
8023 can be clamped low for fast recovery from input 
overload. 

The SSI 32F8020A/8022A/8021/8023 require only a 
+5V supply and are available in 1 6-Lead SON and SOL 
packages. 

FUNCTIONAL DESCRIPTION 

The SSI 32F8020A/8022A/8021/8023 is a high 
performance programmable electronic filter. It features 
a 7-pole 0.05° phase equiripple filter with matched 
normal and differentiated outputs. The device has 
been optimized for usage with several Silicon Systems 
products, including the SSI 32D4661 Time Base 
Generator, the SSI 32P54X family pulse detectors, and 
the SSI 32P4720 combo chip (Data Separator and 
Pulse Detector). 

CUTOFF FREQUENCY PROGRAMMING 

The cutoff frequency, /c, of the SSI 32F8020A/8022A 
is defined as the -3dB filter bandwidth with no magnitude 
equalization applied, and is programmable from 1 .5 
MHz to 8 MHz. 

The cutoff frequency is programmable with 3 pins: RX, 
IFO and IFI. At the RX pin, an external resistor to 
ground establishes a reference current: 



27°C 



IFI should be made proportional to IFOfortemperature 
stability. The cutoff frequency is related to the RX 
resistor, IFO and IFI currents as follows: 

/c(MHz)=8x-iU- 125 



IFO Rx(kG) 

For a fixed cutoff frequency setting, IFO and IFI can be 
tied together. The cutoff frequency equation then 
reduces to: * or 



For programmable cutoff frequency, an external current 
DAC can be used. The IFO should be the reference 
current into the DAC. The DAC output current drives 
IFI, which is then proportional to IFO. The DACF in the 
SSI 32D4661 Time Base Generator is designed to 
control /c of the Silicon Systems programmable filters. 
When the DACF, which has a 4X current from i\s 
reference to full scale output is used, a 5-kQ, RX is 
used. The fc is then given as follows: 



/c(MHz)=8x 



F_Code 
127 



where F_Code is the decimal code equivalent to the 
7-bit digital input for the DACF. The cutoff frequency 
programming for the SSI 32F8021/8023 is shown in 
Figure 3. 

MAGNITUDE EQUALIZATION PROGRAMMING 

The magnitude equalization, measured in dB, is the 
amount of high frequency peaking at the cutoff frequency 
relative to the original -3 dB point. For example, when 
9 dB boost is applied, the magnitude response peaks 
up 6 dB above the DC gain. 

The magnitude equalization is programmable with two 
pins: VR and VBP. The VR is a bandgap reference 
voltage, 2.2V typically. The voltage at the VBP pin 
determines the amount of high frequency boost. The 
boost function is as follows: 

VBP 

Boost (dB) = 20 log, [ 1. 884 (-^-) + 1 ] 
VR 

For a fixed boost setting, a resistor divider between VR 
to ground can be used with the divided voltage at the 
VBP pin. For programmable equalization, an external 
voltage DAC can be used. VR should be the reference 
voltage to the DAC. The DAC output voltage is then 
proportional to VR. The DACS in the SSI 32D4661 is 
designed to control the magnitude equalization of 
Silicon Systems programmable filters. When DACS is 
used, the boost relation then reduces to: 



Boost(dB)=20log 10 [1.884(- 



S _Code 
127 j 



+1] 



where S_Code is the decimal code equivalent to the 
7-bit digital input for the DACS. 

Forthe SSI 32F8020A/8021 , the equalization function 
can be disabled when FBST is pulled to logic 0. Forthe 
SSI 32F8022A/8023, the VBP pin should be grounded 
to achieve dB boost. 
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LOW INPUT IMPEDANCE (SSI 32F8022 A/8023 only) 

Whenthe LZisat logic 1 orleftopen,theSSI32F8022A/ 
8023 input is at high impedance state. When the LZ is 
pulled to logic 0, the SSI 32F8022A/8023 input is 
clamped to a low impedance state, 200 Q typical. 



POWER ON/OFF 

The SSI 32F8020A/8022 A/8021 /8023 support a power 
down mode for minimal idle dissipation. When PWRON 
is pulled up to logic 1 , the device is in normal operation 
mode. When PWRON is pulled down to logic 0, or left 
open, the device is in the power down mode. 



PIN DESCRIPTION 



NAME 


DESCRIPTION 


VIN+, VIN- 


DIFFERENTIAL SIGNAL INPUTS; 


VO NORM+, 
VO.NORM- 


DIFFERENTIAL NORMAL OUTPUTS. 


VO.DIFF+ 
VOJDIFF- 


DIFFERENTIAL DIFFERENTIATED OUTPUTS. 


RX 


PTAT REFERENCE CURRENT SET. PTAT (proportional to absolute temperature) 
reference current IFO is equivalent to the current set on this pin. 


IFO 


PTAT CURRENT REFERENCE OUTPUT. This pin ouputs a PTAT reference current 
which is externally scaled for control input into IFI. 


IFI 


FREQUENCY PROGRAM INPUT. The filter cutoff frequency /c, is set by an external 
current IFI, injected into this pin. IFI must be proportional to current IFO. This current 
can be set with an external current generator such as a DAC, referenced to IFO. 


VBP 


FREQUENCY BOOST PROGRAM INPUT. The slimmer high frequency boost is set by 
an external voltage applied to this pin. VBP must be proportional to voltage VR. A fixed 
amount of boost can be set by an external resistor divider network connected from VBP 
to VR and GND. No boost is applied if the FBST pin is grounded, or at logic low. 


FBST 

(32F8020A/8021) 


FREQUENCY BOOST. A high logic level or open input enables the frequency boost 
circuitry. No boost is applied if the FBST pin is grounded, or at logic low. 


LZ 

(32F8022A /8023) 


LOW IMPEDANCE MODE. With a low logic level, the analog input impedance is 
switched low for fast recovery from input overload. With a high logic level or left open, the 
input is at high impedance state. 


PWRON 


POWER ON. A high logic level circuit enables the chip. A low level puts the chip in a low 
power state. A low or open circuit disables the chip. 


VR 


REFERENCE VOLTAGE. Internally generated reference voltage. 


VCC 


+5 VOLT SUPPLY. 


GND 


GROUND 
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ELECTRICAL SPECIFICATIONS 




ABSOLUTE MAXIMUM RATINGS 

Operation above maximum ratings may damage the device. 




PARAMETER 


RATING 


Storage Temperature 


-65 to +150 °C 


Junction Operating Temperature, Tj 


+130 °C 


Supply Voltage, VCC 


-0.5to7V 


Voltage Applied to Inputs 


-0.5 to VCCV 


Maximum Power Dissipation, fc = 8 MHz, Vcc = 5.5V 


226 mW 


RECOMMENDED OPERATING CONDITIONS 


Supply voltage, VCC 


4.50 < VCC < 5.50V 


Ambient Temperature 


< Ta < 70 °C 



Power Supply Characteristics 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


ICC Power Supply Current 


PWRON < 0.8V 






0.5 


mA 


PWRON > 2.2V 
SSI 32F8021/8023 




26 


32 


mA 


PWRON > 2.2V 

SSi 32F8020A/6022A 




35 


41 


mA 


PD Power Dissipation 


PWRON < 0.8V 






3 


mW 


PWRON > 2.2V, VCC - 5V 
SSI 32F8021/8023 




130 


160 


mW 


PWRON > 2.2V, VCC = 5.5V 
SSI 32F8021/8023 




143 


176 


mW 


PWRON > 2.2V, VCC = 5V 
SSI 32F8020A/8022A 




175 


205 


mW 


PWRON > 2.2V, VCC « 5.5V 
SSI 32F8020A/8022A 




193 


226 


mW 
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DC Characteristics 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


VIH High Level Input Voltage 


TTL input 


2.0 






V 


vil low Levei inpui voltage 






U.o 


v 


IIH High Level Input Current 


VIH = 2.7V 






20 


ma 


IIL Low Level Input Current 


VIL = 0.4V 






-1.5 


mA 


VICM VIN± Input 
Common Mode Voltage 




(VCC 
-1.6) 
-0.25 




(VCC 
-1.6) 
+0.25 


V 


VOCM VO_NORM± Output 
Common Mode Voltage 




1.8 




3.8 


V 


VOFFVO_NORM± Output Offset 


VIN± open 


-0.15 




+0.25 


V 


Filter Characteristics 


jc riner uuiott frequency 


HX = 0Ki2 

fc (MHz) = 8 • A ^JL 
J v ' 4-IFO 

(32F8020A/8022A) 
/c(MHz) = 8. 4 ^ 
(32F8021/8023) 


4 tr 
1.0 




o.U 


MMZ 


FCA Filter fc Accuracy 


fc (nominal) = 8 MHz 


-10 




+10 


% 


AO VO_NORM Diff Gain 


F = 0.67/c, FB = dB 


0.8 


0.9 


1.0 


VA/ 


AD VO_DIFF Diff Gain 
(32F8020A/8022A) 


F = 0.67/c, FB = dB 


0.8AO 




1.2AO 


VA/ 


FB Frequency Boost at fc 


FB(db)=20 log |^l.884^^j+1 
VBP = VR 




9.2 




dB 


FBA Frequency Boost Accuracy 


FB (ideal) = 9.0 dB 


-1 




+1 


dB 


TGDO Group Delay Variation 
Without Boost 


fc = 8 MHz, VBP = 0V 
F = 0.2/c to 1.75 fc 


-1 .3 




+1 .3 


ns 


/c«1.5 MHz -8 MHz 

F = 0.2/ctOl.75/c, VBP = 0V 


-2 




+2 


% 


TGDB Group Delay Variation 
With Boost 


fc = 8 MHz, VBP = VR 
F = 0.2 fc to 1.75 fc 


-1.3 




+1.3 


ns 


fc = 1.5 MHz -8 MHz 

F = 0.2/cto1.75/c, VBP = VR 


-2 




+2 


% 


VIF Filter Input Dynamic Range 


THD = 1% max, F = 0.67 fc 


1.0 






Vpp 
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ELECTRICAL SPECIFICATIONS (continued) 



Fitter Characteristics (continued) 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


VOF Filter Output Dynamic Range 


THD= 1% max, F = 0.67 /c 


1.0 






Vpp 


VIF Filter Input Dynamic Range 


THD - 1.5%, F = 0.67 /c 


1.5 






Vpp 


VOF Filter Output Dynamic Range 


THD = 1.5%, F = 0.67 /c 


1.5 






Vpp 


VIF Filter Input Dynamic Range 


THD = 3% max, F = 0.67 fc 


2.0 






Vpp 


VOF Filter Output Dynamic Range 


THD = 3% max, F = 0.67 fc 


2.0 






Vpp 


RIN Filter Diff Input Resistance 


32F8020A/8021 

^9Fftn99A/ftnP^ I 7 - 1 nr nnpn 
Oc.vO\Jc.c.r\IO\Jc.O L-Z. = 1 Ul UL#t?N 


3.0 


4.0 




kQ 


32F8022A/8023 LZ = 




200 


400 


Q 


CIN Filter Input Capacitance 








7 


PF 


EOUT Output Noise Voltage 
DiffprpntiatPff Oufnut 


BW=100 MHz, Rs = 50Q 

fc - 8 MH7 VBP - OV 
jw — o ivin^, vur — v.v/v 

(32F8020A/8022A) 




6.3 


7.5 


mVRms 


EOUT Output Noise Voltage 
Normal Output 


BW=100 MHz, Rs = 50Q 
fc = 8 MHz, VBP = 0.0V 




2.7 


4.0 


mVRms 


EOUT Output Noi§e Voltage 
Differentiated Output 


BW=100 MHz, Rs = 50ft 
fc = 8 MHz, VBP = VR 
(32F8020A/8020A) 




9.4 


11.0 


mVRms 


EOUT Output Noise Voltage 
Normal Output 


BW=100MHz, Rs -50a 
/c = 8 MHz, VBP = VR 




3.7 


» 4.5 


mVRms 


IO- Filter Output Sink Current 




1.0 






mA 


IO+ Filter Output Source Current 




2.0 






mA 


RO Filter Output Resistance 
(Single ended) 


IO+= 1.0 mA 






60 


a 


Filter Control Characteristics 


VR Reference Voltage 




2.0 




2.40 


V 


VBP Frequency Boost Control 
Voltage Range 


VR = 2.2V 

FBOOST = 0to9.2dB 







2.2 


V 


VRX PTAT Reference Current 
Set Output Voltage 


TA = 25°C 

IRX = - 0.6 mA 

Rx > 1 .25 kQ 




750 




mV 


IFO PTAT Reference Current, 
Output Current Range 


TA = 25°C 

1.25 kft<Rx< 6.8 kQ 
IFO - VRX/Rx 
VRX = 750 mV 


0.11 




0.6 


mA 


RIFO IFO Output Impedance 




50 






kQ 


VIFO IFO Voltage Compliance 









Vcc-1 


V 
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Filter Control Characteristics 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


IFI PTAT Programming 
Current Range 


TA = 25°C, VRX = 750 mV 
32F8020A/8022A 


0.11 




0.6 


mA 


RIFI IFI Input Impedance 


32F8020A/8022A 


1.0 




2.5 


kQ 


VIFI IFI Voltage Compliance 


32F8020A/8022A 


0.5 




2.5 


V 


IFC PTAT Programming 
Current Range 


TA = 25 °C, VRX = 750 mV 
32F8021/8023 


0.11 




0.6 


mA 


TPWRPower On Recovery Time 


DC voltages within 
20 mV of f inal values 






300 


ns 


TBST Boost Change Recovery 


DC voltages within 
20 mV of final values 






300 


ns 


TFBW Bandwidth Change Recovery 


DC voltages within 
20 mV of final values 






300 


ns 



32F8020A/22A 



N/C 

VO_NORM- 
VO_NORM+ □ 
VCC(+5V) □ 
VIN- □ 
VIN+ □ 

-i VBP-C 

> FBST/LZ C 




□ VO_DIFF+ 

□ VOJDIFF- 

□ PWR_ON 

□-VR 

3-RX 

3 1 IFO 



IFI 



:Rx 



I>GND- 



VR = 2.2V 

VRX = 750 mV @25°C 
IFO = Vrx/Rx 

IFI range: 0.1 1 mA to 0.60 mA @25°C 
(1.5 to 8 MHz NO BOOST) 

Fixed frequency programming is accomplished as shown in the drawing above. In this case IFI 
(programming current) is equivalent to IFO (reference current). Programming current is then set 
by Vrx/Rx. 

where: fc = 8.0 MHz then 

IFI = IFO = 0.60 mA @25 °C 
Rx = 750 mV/0.60 mA = 1 .25 kfl 



FIGURE 1 : 32F8020A/8022A Applications Setup 
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- to ^Controller 



Fx 



IN+ P N^ 



U3 



Boost 
Control 



RX 

32F8020A/22A 



VBP 



S 



|s<MialControl[ 



Charge 
Pump 




FWR 





^ ' ymJ K\,,[ 

,f^ u „:, r 



DFF 




OS 







Phase 
Lock 
Loop 



FOUT 
► To Data Sync 



DAO 
To Data Sync 



DACM 
► To Data Sync 



32D4661 



To Data Sync 



32PS4X 



VR = 2.2V 

VRX = 750mV@25°C 
IFO = Vrx/Rx 

IFI range: 0.1 1 mA to 0.60 mA @25°C 
(1.5 to 8 MHz NO BOOST) 

In this case the IFI (programming current) is scaled from IFO (reference 
current) through DACF on the 32D4661. DACF has a current gain of 4; 
therefore, the reference current should be set to 25% of the maximum desired 
IFI (programming current). 

where: /c (max) = 8.0 MHZ then 

IFI (max) = 0.60 mA @25°C 

IFO (max) = 0.15 mA 

therefore Rx = 750 mV/0.15 mA = 5k£2 



FIGURE 2: Applications Setup, Constant Density Recording 
32F8020A/8022A, 32P54X, 32D4661 
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VRX = 750 mV @25°C 
IRX - IFO 

IFC programming range: 0.1 1 mA to 0.60 mA @25°C 
(1.5 to 8.0 MHz: No Boost) 

The IFC (programming current) is scaled from IFO (reference current) by the 
set-up shown above. Assuming the DAC current gain = 4.0, then programming 
is accomplished as follows: 

MAX programming current required: IFC = 0.6 mA (/c = 8.0 MHz) @25°C 
IFO = IFC/8 = 0.075 mA (MAX) @25°C 
IRX = IFO 

IRX = 750mV/Rx @25°C 
Rx = 5kft 



FIGURE 3: 32F8021/8023 Frequency Programming 
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1.31703 




2.95139 




5.37034 




0.86133 






NORM 




S 2 +S 1.68495 + 1.31703 




S 2 +S 1.54203 +2.96139 




8 2+81.14558 + 5.37034 






S + 0.861 33 




An 


































-KS2 










S 




Ao 


DIFF | 




S 2 +S 1.68495 + 1.31703 








S + 0.86133 









Normalized for CDc « (2n) fc « 1 

AN and AD are adjusted for unity gain (0 dB) at F » 0.67 fc 
Denormalize the frequency by substituting S -> (S/2ic/c) 
Eq for fc - 8.0 MHz, S - S / [(2it)(8 x 1 0*)] 



DIFF ONLY ON 
32F8020A/8022A 



FIGURE 4: 32 F8020 A/8022 A/802 1/8023 Normalized Block Diagram 
TABLE 1 : 32F8020A/8022A Frequency Boost Calculations 



Assuming 9.2 dB boost for VBP = VR 



VBP 



VR 



(iq( fb/2 °))-i 



1.884 



or, 



boost in dB = 20 log 



1.884 



(VBP) 
I VR J 



+ 1 



Boost 


VBP/VR 


K 


1 dB 


0.065 


0.16 


2dB 


0.137 


0.34 


Q HO 


n oiq 
u.t iy 


U.O*f 


4dB 


0.310 


0.77 


5dB 


0.413 


1.03 


6dB 


0.528 


1.31 


# ULJ 




1.63 


8dB 


0.802 


1.99 


9dB 


0.965 


2.40 


VBP/VR 


Boost 




0.1 


1.499 dB 




0.2 


2.777 dB 




0.3 


3.891 dB 




0.4 


4.879 dB 




0.5 


5.765 dB 




0.6 


6.569 dB 




0.7 


7.305 dB 




0.8 


7.984 dB 




0.9 


8.613 dB 




1.0 


9.200 dB 
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TABLE 2: Calculations 

Typical change in f-3 dB point and frequency peak with boost. 



Boost (dB) 


Galn@/c (dB) 


Gain@peak (dB) 


/peak//c 


/-3 dB//c 





-3 


0.00 


no peak 


1.00 


1 


-2 


0.00 


no peak 


1.21 


2 


-1 


0.00 


no peak 


1.51 


3 





0.15 


0.70 


1.80 


4 


1 


0.99 


1.05 


2.04 


5 


2 


2.15 


1.23 


2.20 


6 


3 


3.41 


1.33 


2.33 


7 


4 


4.68 


1.38 


2.43 


8 


5 


5.94 


1.43 


2.51 


9 


6 


7.18 


1.46 


2.59 



NOTES: 1 . /c is the original programmed cutoff frequency with no boost. 

2. f-3 dB is the new -3 dB value with boost implemented. 

3. /peak is the frequency where the magnitude peaks when boost is 
implemented. 

i.e., fc = 8 MHz when boost = dB if boost is programmed to 5 dB then 
/-3dB = 17.6 MHz 
/peak = 9.84 MHz 
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PACKAGE PIN DESIGNATIONS 

(Top View) 



N/C [ 

VO_NORM- C 2 

VO_NORM+ [ 

VCC [ 

VIN- [ 

VIN+ [ 

VBP [ 

LZ FBST [ 
(8022A) (8020A) 



16 ] VO_NORM- 
15 ] VO_NORM+ 
14 ] PWRON 
13 ] VR 
12 ] RX 
11 ] IFO 
10 ] IFI 
9 ] GND 



32F8020A/8022A 
16-Lead SON, SOL 



THERMAL CHARACTERISTICS: Gja 



16-Lead SOL (150 mil) 


105° C/W 


20-LeadSOV (300 mil) 


100°C/W 



N/C C 1 
VO_NORM- [ 2 
VO_NORM+ [ 3 
VCC [ 4 
VIN- C 5 
VIN+ [ 6 
VBP p 7 
8 



LZ FBST [ 
(8023) (8021) 



16 ] N/C 
15 ] N/C 
14 ] PWRON 
13 ] VR 
12 ] RX 
11 ] IFO 
10 ] IFI 
9 ] GND 



32F802 1/8023 
16-Lead SON, SOL 



ORDERING INFORMATION 



PAtii uESCRiPiiON 


OHUtH NUMBER 


PACKAGE MARK 


SSI 32F8020A 1 6-Lead SON 
16-Lead SOL 


32F8020A-CN 
32F8020A-CL 


32F8020A-CN 
32F8020A-CL 


SSI 32F8022A 1 6-Lead SON 
16-Lead SOL 


32F8022A-CN 
32F8022A-CL 


32F8022A-CN 
32F8022A-CL 


SSI32F8021 16-Lead SON 
16-Lead SOL 


32F8021-CN 
32F8021-CL 


32F8021-CN 
32F8021-CL 


SSI32F8023 16-Lead SON 
16-Lead SOL 


32F8023-CN 
32F8023-CL 


32F8023-CN 
32F8023-CL 



Preliminary Data: Indicates a product not completely released to production. The specifications are based on preliminary evaluations and 
are not guaranteed. Small quantities are available, and Silicon Systems should be consulted for current information. 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data sheet 
is current before placing orders. 

Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680 (714) 573-6000, FAX (714) 573-6914 



©1991 Silicon Systems, Inc. 

Patent Pending - (497,863), (500,778) 
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DESCRIPTION 

The SSI 32F8030 Programmable Electronic Filter pro- 
vides an electronically controlled low-pass filter with a 
separate differentiated low-pass output. A seven- 
pole, 0.05° Equiripple-type linear phase, low-pass 
filter is provided along with a single-pole, single-zero 
differentiator. Both outputs have matched delays. The 
delay matching is unaffected by any amount of pro- 
grammed high frequency peaking (boost) or band- 
width. This programability, combined with low group 
delay variation makes the SSI 32F8030 ideal for use in 
many applications. Double differentiation high fre- 
quency boost is accomplished by a two-pole, low- 
pass with a two-pole, high-pass feed forward section 
to provide complementary real axis zeros. A variable 
attenuator is used to program the zero locations, which 
controls the amount of boost. 

The SSI 32F8030 programmable boost and bandwidth 
characteristics can be controlled by external DACs or 
DACs provided in the SSI 32D4661 Time Base Gen- 
erator. Fixed characteristics are easily accomplished 
with three external resistors. In addition, boost can be 
switched in or out by a logic signal. 

The SSI 32F8030 requires only a +5V supply and is 
available in 16-Lead SON, and SOL packages. 



June 1992 

FEATURES 
Ideal for: 

- constant density recording applications 

- magnetic tape recording 

Programmable filter cutoff frequency 
(/C = 250 kHz to 2.5 MHz) 

Programmable high frequency peaking 
(0 to 9 dB boost at the filter cutoff frequency) 

Matched normal and differentiated low-pass 
outputs 

Differential filter input and outputs 

±3.0% group delay variation from 
0.2 fc to 1.75 /c, 0.25 MHz < fc < 2.5 MHz 

Total harmonic distortion less than 1% 
+5V only operation 
16-Lead SON, and SOL packages 
5 mW idle mode 




BLOCK DIAGRAM 



PIN DIAGRAM 



VIN+ 
VIN- 



n g — 

GND2 TVCC1 TVCC2 



NORM+ 
NORM- 






VREF 












BIAS 











6 PWRON 



GND1 [ 


1 


16 


] VO_DIFF+ 


VO_NORM- [ 


2 


15 


] VO_DIFF- 


VO_NORM+ [ 


3 


14 


] PWRON 


VCC1 [ 


4 


13 


] VR 


VIN- [ 


5 


12 


] VCC2 


VIN+ [ 


6 


11 


] IFP 


VBP [ 


7 


10 


] VFP 


FBST [ 


8 


9 


] GND2 
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FUNCTIONAL DESCRIPTION 

I 

The SSI 32F8030, a high performance programmable 

electronic filter, provides a low pass 0.05° Equiripple- 1 

type linear phase seven pole filter with matched normal 1 

and differentiated outputs. The device has been opti- | 

mized for usage with several Silicon Systems prod- I 

ucts, including the SSI 32D4661 Time Base Generator, , 

the SSI 32P54x family of Pulse Detectors, and the SSI i 

32P4720 Combo device (Data Separator and Pulse i 

Detector). i 

CUTOFF FREQUENCY PROGRAMMING 

The SSI 32F8030 programmable electronic filter can 
be set to a filter cutoff frequency from 250 kHz to 2.5 1 
MHz (with no boost). 1 

Cutoff frequency programming can be established 
using either a current source fed into the IFP pin, whose 
output current is proportional to the SSI 32F8030 
output reference voltage VR, or by means of an exter- 
nal resistor tied from the output voltage reference pin 
VR to pin VFP. The former method is optimized using 
the SSI 32D4661 Time Base Generator, since the 
current source into pin IFP is available at the DAC F 
output of the 32D4661. Furthermore, the voltage 
reference input is supplied to pin VR3 of the 32D4661 
by the reference voitage VR from the VR pin of the 
32F8030. This reference voltage is an internally gen- 
erated bandgap reference, which typically varies less 
than 1 % over voltage supply and temperature varia- 
tion. (For the calculations below IVFP = current into IFP 
qeVFP pins). 

The cutoff frequency, determined by the -3dB point 
relative to a very low frequency value (< 10kHz), is 
related to the current IVFP injected into pin IFP by the 
formula 

Fc (ideal, in MHz) = 3.125-IFP = 3.125-IVFP-2.2/VR, 
where IFP and IVFP are in mA, 0.08<IFP<0.8 mA, and 
VR is in volts. 

If a current source is used to inject current into pin IFP, 
pin VFP should be left open. 

If the 32F8030 cutoff frequency is set using voltage VR 
to bias up a resistor tied to pin VFP, the cutoff frequency 
is related to the resistor value by the formula 

Fc (ideal, in MHz) = 3.125-IFP = 3.125-2.2/(3-Rx) 
where Rx is in kQ, & 0.91 7 kQ <Rx<9.1 7 kQ. 

If pin VFP is used to program cutoff frequency, pin IFP 
should be left open. 
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SLIMMER HIGH FREQUENCY BOOST 
PROGRAMMING 

The amplitude of the output signal at frequencies near 
the cutoff frequency can be increased using this fea- 
ture. Applying an external voltage to pin VBP which is 
proportional to reference output voltage VR (provided 
by the VR pin) will set the amount of boost. A fixed 
amount of boost can be set by an external resistor 
divider network connected from pin VBP to pins VR and 
GND. No boost is applied if pin FBST, frequency boost 
enable, is at a low logic level. 

The amount of boost FB at the cutoff frequency Fc is 
related to the voltage VBP by the formula 

FB (ideal, in dB) = 20 log 10 [1 .884(VBP/VR)+1], where 
0<VBP<VR. 
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PIN DESCRIPTION 



NAME 


DESCRIPTION 


VIN+, VIN- 


DIFFERENTIAL SIGNAL INPUTS. The input signals must be AC coupled to these pins. 


VO NORM+, 
VOJMORM- 


DIFFERENTIAL NORMAL OUTPUTS. The output signals must be AC coupled. 


VO_DIFF+, 

VO HIFF- 

V \J L/ll 1 


DIFFERENTIAL DIFFERENTIATED OUTPUTS. For minimum time skew, these 

01 itm itc choiilH K\a A^"* mi mloH to thA 01 ilea HaIa/Hof 
UulLHJlb SflUUKJ U© Mvs uOUpicu lU 1116 pUISt? UUieClUl. 


IFP 


FREQUENCY PROGRAM INPUT. The filter cutoff frequency FC, is set by an external 

PiirrontlFP iniootoH into thic nin IFP muct Ko ororwrtioncil to x/rtltano \/R "Thic ^niront f*an 
Uuiidil ir i , HijGisUsU IIHU Uilo pill. Ir r lllUol UU piupuillUMal lU VUllciyt? V n. 1 1 Ho l/Ulltslll Irdll 

be set with an external current generator such as a DAC. VFP should be left open when 
using this pin. 


VFP 


FREQUENCY PROGRAM INPUT. The filter cutoff frequency can be set by programming 
a current through a resistor from VR to this pin. IFP should be left open when using this pin. 


VBP 


FREQUENCY BOOST PROGRAM INPUT. The high frequency boost is set by an external 
voltanp. annlipd to thfc nin VRP rroi<tf hp nrooortional to voltanp VR Af ixpri amount of hoo<tf 

V VIlHUw OpullwU Iw 11 llw Ull ■• V LJ 1 1 1 Kiwi Uv Ul VUVl IIVI lOI IV VUllUMW VII. OIIACU OIIIVUI 11 VI UVVwl 

can be set by an external resistor divider network connected from VBP to VR and GND. No 
boost is applied if the FBST pin is grounded, or at logic low. 


FBST 


FREQUENCY BOOST. A high logic level or open input enables the frequency boost 
circuitry. 


PWRON 


POWER ON. A high logic level enables the chip. A low level puts the chip in a low power 
state. 


VR 


REFERENCE VOLTAGE. Internally generated reference voltage. 


VCC1 , VCC2 


+5 VOLT SUPPLY. 


GND1, GND2 


GROUND 



ELECTRICAL SPECIFICATIONS 
ABSOLUTE MAXIMUM RATINGS 



PARAMETER 


RATING 


Storage Temperature 


-65to+150°C 


Junction Operating Temperature, Tj 


+130°C 


Supply Voltage, VCC1 , VCC2 


-0.5to7V 


Voltage Applied to Inputs 


-0.5 to VCC + 0.5V 


IFP, VFP Inputs Maximum Current 


<1.2mA 


RECOMMENDED OPERATING CONDITIONS 


PARAMETER 


RATING 


Supply voltage, VCC1 , VCC2 


4.5<VCC1,2<5.50V 


Ambient Temperature 


< Ta < 70°C 
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ELECTRICAL SPECIFICATIONS 
Power Supply Characteristics 

Unless otherwise specified, recommended operating conditions apply. 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


ICC Power Supply Current 


PWRON < 0.8V 






0.5 


mA 


ICC Power Supply Current 


PWRON > 2.0V 




28 


42 


mA 


PD Power Dissipation 


PWRON > 2.0V 




140 


231 


mW 


PD Power Dissipation 


PWRON < 0.8V 






3 


mW 


DC Characteristics 


VIH High Level Input Voltage 


TTL input 


2.0 




VCC+0.3 


V 


VIL Low Level Input Voltage 




-0.3 




0.8 


V 


IIH High Level Input Current 


VIH = 2.7V 






20 


MA 


IIL Low Levfel Input Current 


VIL = 0.4V 






-1.5 


mA 


Filter Characteristics 

fc = 1 .25 MHz unless otherwise stated 


FCA Filter fc Accuracy 


using IFP pin: IFP = 0.4 mA or 
using VFP pin: Rx = 1 .84 kQ 


1.125 




1.375 


MHz 


AO VOJMORM Diff Gain 


F = 0.67 /c, FB = dB 


0.8 




1.20 


V/V 


AD VO_DIFF Diff Gain 


F = 0.67/c, FB = dB 


0.9AO 




1.1 AO 


V/V 


FBA Frequency Boost Accuracy 


VBP = VR 


8.0 


9.2 


10.4 


dB 


TGDO Group Delay Variation 
Without Boost* 


0.25 MHz </c< 2.5 MHz 
F = 0.2/ctOl.75/c 


-3 




+3 


% 


TGDB Group Delay Variation 
With Boost* 


0.25 MHz </c< 2.5 MHz 
VBP = VR, F = 0.2 fc to 1 .75 fc 


-3 




+3 


% 


VIF Filter Input Dynamic Range 


THD = 1% max, F = 0.67 /c 
(no boost, 1000 pF capacitor across Rx) 


1.0 






Vpp 


VOF Filter Normal Output 
Dynamic Range 


THD = 1% max, F = 0.67 fc 
VBP = (1000 pF capacitor across Rx) 


1.0 






Vpp 


VOF Filter Normal Output 
Dynamic Range 


THD = 1% max, F = 0.67 fc 

VBP = VR (1000 pF capacitor across Rx) 


1.0 






Vpp 


VOF Filter Differentiated Output 
Dynamic Range 


THD = 1% max, F = 0.67 fc 

VBP = (1000 pF capacitor across Rx) 


1.0 






Vpp 


VOF Filter Differentiated Output 
Dynamic Range 


THD= 1% max, F = 0.67 fc 

VBP = VR (1000 pF capacitor across Rx) 


1.0 






Vpp 
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Filter Characteristics (continued) 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


RIN Filter Diff Input Resistance 




3.0 


4.0 


5.0 


kQ 


CIN Filter Diff Input Capacitance* 






3.0 




PF 


PHI IT Oi itm it Klnieo X/nltano* 

Differentiated Output 


RW — 1 00 MM7 Re — *%0O 
DVV as IUU MrM., rib as QUIZ, 

l/p = 0.8 mA, VBP = 0.0V 




9 7 


o.c 


III V rilllS 


tuu i uuipui Noise voltage 
Normal Output 


dW = IUU MHZ, HS «s OUS2 

l/p =s 0.8 mA, VBP = 0.0V 




I.O 




mVRms 


tuu i uuipui Noise vonage 
Differentiated Output 


DIA/ 4AA till-. n e Cno 

bW — 1 UU MHZ, KS ■* OU12 

l/p = 0.8 mA, VBP =s VR 




O.l 


O.O 


mVRms 


tuu i uuipui iMoise vonage 
Normal Output 


D W as l UU MHZ, nS as OUL2 

l/p =: 0.8 mA, VBP = VR 




I .O 


O O 

C..C. 


mVRms 


EOUT Output Noise Voltage* 
Differentiated Output 


BW =s 10 MHz, Rs=:50a, 
l/p = 0.08 mA, VBP - 0.0V 




1.8 


2.1 


mVRms 


EOUT Output Noise Voltage* 
Normal Output 


BW=10MHz, Rs=s50G 
l/p 0.08 mA, VBP == 0.0V 




1.0 


1.2 


mVRms 


EOUT Output Noise Voltage* 
Differentiated Output 


BW == 10 MHz, Rs = 50Q 
l/p == 0.08 mA, VBP = VR 




2.0 


2.5 


mVRms 


EOUT Output Noise Voltage* 
Normal Output 


BW =s 10 MHz, Rs = 50fl 
l/p = 0.08 mA, VBP = VR 




1.1 


1.5 


mVRms 


10- Filter Output Sink Current 




1.0 






mA 


10+ Filter Output Source Current 




2.0 






mA 


RO Filter Output Resistance** 


Sinking 1 mA from pin 






70 


Q 


* Not directly testable in production, design characteristic. 
** Single ended 


Filter Control Characteristics 


VR Reference Voltage Output 




2.0 




2.40 


V 


l VR Reference Output 
Source Current 








2.0 


mA 
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2 




1.8 




1.6 




1.4 




1.2 
















1.0 


¥ 








CD 


0.8 


Q 






0.6 




0.4 




0.2 




0.0 



1 ifp = 80 pA 

2 Hp = 224 pA 

3 ifp = 368 pA 

4 ifp- 512 pA 

5 ifp » 656 mA 

6 ifp = 800 pA 



(/c = 250 kHz) 
(/c = 700 kHz) 
(/c = 1.15 MHz) 
(/c = 1.6 MHz) 
(/c = 2.05 MHz) 
(/c = 2.5 MHz) 




100k 



200k 



300k 400k 500k 



700k 



1meg 



2meg 



3meg 4meg 5meg 



Frequency (Hz) 



FIGURE 1: Typical Normal/Differentiated Output Group Delay Response 



32F8030 



GND1 Ml 
VO_NORM- □ 2 
VOJMORM+ □ 3 
VCC1 (+5V) □ 4 
VIN- □ 5 
VIN+ □ 6 
VBP □ 7 
FBST □ 8 





□ VO_DIFF+ 

□ VO_DIFF- 
PWR_ON 

□ VR 



□ VCC2(+5V) 



IFP 



rRx 



□ VFP — 

□ GND2 



FIGURE 1: 32F8030 Applications Setup 16-Pin SO 

VR = 2.2V IVfp = .33VR/RX 

VFP = .667 VR IVfp range: 0.08 mA to 0.8 mA 

(0.25 MHz to 2.5 MHz) 

Cx = 1 000 pF needed for THD at low fc 

VFP is used when programming current is set with a resistor from VR. 
When VFP is used IFP must be left open. 
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J7x jc 



IN+. 
IN-- 



fc 
Control 



Boost 
Control 



Rx 



32F8030 



- to ^Controller 



Phase 
Lock 
Loop 



FOUT 
^ To Data Sync 



DAO 
To Data Sync 



DACM 
► To Data Sync 



32D4661 



ZK 



Charge 




FWR 


Pump 





J ^ Differentiator -IJ?**! 



*GC LEVEL 

IOF = DACF output current 

IOF = (0.98FA/R)/127Rx 

Rx = (0.98F«VR)/127IOF 

Rx = current reference setting resistor 

VR = Voltage Reference = 2.2V 



DFF 




OS 







RD 
To D 



a Sync 



32P54X 

F = DAC setting: 0-127 
Full scale, F = 127 

For range of Max fc = 2.5 MHz then IFP = 0.8 mA 
Therefore, for Max programming current range to 0.8 mA: 
Rx = (0.98)(2.2/0.8) = 2.7kfl 



Please note that in setups such as this where IFP is used for cutoff frequency programming VFP must be left open. 

FIGURE 2: Applications Setup, Constant Density Recording 
32F8030, 32P54X, 32D4661 



+1.31703 
S*+ S 1.68495+1.31703 



-KS 2 



S+S 1.68495+1.31703 



2.95139 




5.37034 


S + S 1.54203 + 2.95139 




S 2 +S 1.14558 + 5.37034 



Normalized for COc ■ (2tc) fc = 1 
AN and AD are adjusted for unity gain (0 dB) at F = 0.67 fc 
Denormalize the frequency by substituting S (S/2tc/c) 
Eq for fc = 2.5 MHz, S « S / [{2%) (2.5 • 1 6 )] = S / (1 .57080 • 1 7 ) 



NORM 



DIFF 



FIGURE 3: 32F8030 Normalized Block Diagram 
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TABLE 1 : 32F8030 Frequency Boost Calculations 



Assuming 9.2 dB boost for 
VBP = VR 

VBP^^H 
VR 1.884 


Boost K VBP/VR 


Boost K VBP/VR 


1 dB 0,16 0.065 
2dB 0.34 0.137 
3dB 0.54 0.219 
4dB 0.77 0.310 
5dB 1.03 0.413 


6dB 1.31 0.288 
7dB 1.63 0.358 
8dB 1.99 0.437 
9dB 2.40 0.526 


or, 

boost in dB= 20 log i.884^~^j+1 


VBP/VR Boost 


VBP/VR Boost 


0.1 1.499 dB 
0.2 2.777 dB 
0.3 3.891 dB 
0.4 4.879 dB 
0.5 5.765 dB 


0.6 6.569 dB 
0.7 7.305 dB 
0.8 7.984 dB 
0.9 8.613 dB 
1.0 9.200 dB 



TABLE 2: Calculations 



Typical change in 
f-3 dB point 
with boost 


Boost (dB) 


Gain @ /c(dB) 


Gain @ peak(dB) 


/peak//c 


f-3dB//c 





-3 


0.00 


no peak 


1.00 




1 


-2 


0.00 


no peak 


1.21 




2 


-1 


0.00 


no peak 


1 .51 




3 





0.15 


0.70 


1.80 




4 


1 


0.99 


1.05 


2.04 




5 


2 


2.15 


1.23 


2.20 




6 


3 


3.41 


1.33 


2.33 




7 


4 


4.68 


1.38 


2.43 




8 


5 


5.94 


1.43 


2.51 




9 


6 


7.18 


1.46 


2.59 



Notes: 1 . fc is the original programmed cutoff frequency with no boost 

2. f-3 dB is the new -3 dB value with boost implemented 

3. /peak is the frequency where the magnitude peaks with boost implemented 

i.e., fc = 2.5 MHz when boost = dB 

if boost is programmed to 5 dB then f-3 dB = 5.5 MHz 

/peak = 3.075 MHz 
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PACKAGE PIN DESIGNATIONS 

(Top View) 



GND1 [ 1 
VO_NORM- [ 2 
VO_NORM+ [ 3 
VCC1 [ 4 
VIN- [ 5 
VIN+ [ 
VBP [ 
FBST [ 



16 
15 
14 



] VO_DIFF+ 
] VO_DIFF- 
] PWRON 
13 ] VR 
12 ] VCC2 
11 ] IFP 
10 ] VFP 
9 ] GND2 



Thermal Characteristics: 6jA 



16-leadSON(150 mil) 


105° C/W 


16-leadSOL (300 mil) 


100° C/W 




16-Lead SON, SOL 



ORDERING INFORMATION 



PART DESCRIPTION 


ORDER NUMBER 


PACKAGE MARK 


16-leadSON(150 mil) 


32F8030-CN 


32F8030-CN 


16-leadSOL (300 mil) 


32F8030-CL 


32F8030-CN 



No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data sheet 
is current before placing orders. 



Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680 (714) 573-6000, FAX (714) 573-6914 



0692 - rev. 
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Target Specif ication 



DESCRIPTION 

The 32F810X is a high performance, low power, digi- 
tally programmable low-pass filter for applications re- 
quiring variable-frequency filtering. The device con- 
sists of three functional blocks: [1] a 7th-order 0.05° 
Equiripple Low-Pass filter, [2] two DACs for controlling 
the filter cutoff frequency and high-frequency peaking 
(boost), and [3] a Serial Port for programming the /c 
and Boost DACs. The device is offered in four fre- 
quency options: the 32F81 01 , 9-27 MHz; 32F81 02, 6- 
18 MHz; 32F8103, 4-12 MHz; & 32F8104, 3-9 MHz. 

Cutoff frequency and boost are controlled by the two 
on-chip 7-bit DACs, which are programmed via the 3- 
line serial interface. Boost is programmable from to 
13 dB nominally, and is implemented using two sym- 
metrical, real-axis zeroes. Both boost and /c control 
do not affect the flat group delay response. 

The 32F81 XX device is ideal for variable data rate and 
variable frequency shaping applications. It requires 
only a +5V supply and has an Idle mode for minimal 
power dissipation. The SSI 32F81 OX is available in 1 6- 
lead SON, and 20-Lead SOV packages. 



January 1993 



FEATURES 

• Programmable cutoff frequency: 
32F8101 - 9 to 27 MHz 
32F8102-6tOl8MHz 
32F8103-4tOl2 MHz 
32F8104-3to9 MHz 



Programmable boost/equalization of to 1 3 dB 
Matched normal and differentiated outputs 
± 10% fc accuracy 
± 2% maximum group delay variation 
Less than 1% total harmonic distortion 
Low-Z Input switch controlled by LOWZ pin 
No external filter components required 




BLOCK DIAGRAM 



DACOUT Q 



PIN DIAGRAM 



| VO.NORM* 
I VO.NORM- 



DGND [ 1 
VO.NORM- [ 2 
VO_NORM+ [ 3 
VCA [ 4 
VIN- [ 5 
VIN+ [ 6 
DACOUT [ 7 
R5WZ [ 8 



16 ] VO_DIFF+ 

15 ] VO_DIFF- 

14 ] RX 

13 ] SCLK 

12 ] VCD 

11 ] SDEN 

10 ] SDI 

9 ] AGND 



16- Lead SON 



VCA AGND VCD DONO 



CAUTION: Use handling procedures necessary 
for a static sensitive component. 
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FUNCTIONAL DESCRIPTION 

The SSI 32F810X programmable filter consists of an 
electronically controlled low-pass filter with a separate 
differentiated low-pass output. A seven-pole, low-pass 
filter is provided along with a single-pole, single-zero 
differentiator. Both outputs have matched delays. The 
delay matching is unaffected by any amount of pro- 
grammed equalization or bandwidth. Programmable 
bandwidth and boost/equalization is provided by inter- 
nal 7-bit control DACs. High-frequency boost equaliza- 
tion is accomplished by a two-pole, low-pass with a 
two-pole, high-pass feed forward section to provide 
complimentary real axis zeros. A variable attenuator is 
used to program the zero locations. 

The filter implements a 0.05 degree equiripple linear 
phase response. The normalized transfer functions 
(i.e., Wc = 2tt/c = t) are: 

Vnorm/Vi = [(-Ks2 + 1 7.9801 6)/D(s)] x An 

and 

Vdiff/Vi - (Vnorm/Vi) x (s/0.86133) x Ad 
Where D (s)= 

(S 2 +1 .68495S+1 .31703)(S 2 +1 .54203 S+2.95139) 
(S 2 +1 .4558s+5.37034)(s+0.86133), 

An and Ad are adjusted for a gain of 2 at fs=(2/3)/c. 



Filter Operation 

Normally AC coupled differential signals are applied to 
the FIP/FIN inputs of the filter, although DC coupling 
can be implemented. To improve settling time of the 
coupling capacitors, th e FIP/FI N inputs are placed into 
a Low-Z state when the LOWZ pin is brought high. The 
programmable bandwidth and boost/equalization fea- 
tures are controlled by internal DACs and the registers 
programmed through the serial port. The current refer- 
ence for both DACs is set using a single 12.1 kQ 
external resistor connected from pin RXtoground. The 
voltage at pin RX is proportional to absolute tempera- 
ture (PTAT), hence the current forthe DACs is a PTAT 
reference current. 

Bandwidth Control: The programmable bandwidth is 
set by the filter cutoff DAC. This DAC has two separate 
7-bit registers that can program the DAC value as 
follows: 

fc = 0.2126 x DACF (MHz) for the 32F8101 
fc = 0.1417 x DACF (MHz) for the 32F81 02 
fc = 0.09449 x DACF (MHz) for the 32F81 03 
fc = 0.07087 x DACF (MHz) for the 32F8104 
where DACF = Cutoff Frequency Control Register 
value (decimal) 

The filter cutoff set by the internal DAC is the unboosted 
3 dB frequency. When boost/equalization is added, the 
actual 3 dB point will move out. Table 1 provides 
information on boost versus 3dB frequency. 



TABLE 1 : 3dB Cutoff Frequency Versus Boost Magnitude 



BOOST (dB) 


/c(3dB) 


BOOST (dB) 


/c(3dB) 





1.00 


7 


2.41 


1 


1.22 


8 


2.53 


2 


1.47 


9 


2.65 


3 


1.74 


10 


2.73 


4 


1.95 


11 


2.81 


5 


2.13 


12 


2.88 


6 


2.28 


13 


2.96 
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Boost/Equalization Control 

The programmable equalization is also controlled by 
an internal DAC. The 7-bit Filter Boost Control Register 
(FBCR) determines the amount of equalization that will 
be added to the 3 dB cutoff frequency, as follows: 

Boost = 20 log [(0.0273 x FBCR) + 1] (dB) 

For example, with the DAC set for maximum output 
(FBCR = 7Fhex or 127) there will be 13 dB of boost 
added at the 3 dB frequency. This will result in +1 dB 
of signal boost above the dB baseline. 

SERIAL INTERFACE OPERATION 

The serial interface is a CMOS bi-directional port for 
reading and writing programming data from/to the inter- 
nal registers of the 32F81 OX. For data transfers SDEN 
is brought high, serial data is presented at the SDATA 
pin, and a serial clock is applied to the SCLK pin. 



After the SDEN goes high, the first 1 6 pulses applied to 
the SCLK pin will shift the data presented at the SDATA 
pin into an internal shift register on the rising edge of 
each clock. An internal counter prevents more than 1 6 
bits from being shifted into the register. The data in the 
shift register is latched when SDEN goes low. If less 
than 16 clock pulses are provided before SDEN goes 
low, the data transfer is aborted. 

All transfers are shifted into the serial port LSB f irst. The 
first byte of the transfer is address and instruction 
information. The LSB of this byte is the R/W bit which 
determines if the transfer is a read (1 ) or a write (0) . The 
remaining seven bits determine the internal register to 
be accessed. The second byte contains the program- 
ming data. At initial power-up, the contents of the 
internal registers will be in an unknown state and they 
must be programmed prior to operation. During power 
down modes, the serial port remains active and regis- 
ter programming data is retained. 



SDEN_ 
SDATA 



ADDRESS, 8-BIT ^ > — < ^ DATA 8-BIT ^ >- 



SCLK 



FIGURE 1: Serial Port Data Transfer Format 



3-49 



SSI 32F81 01/81 02/81 03/81 04 
Low-Power Programmable Filter 



PIN DESCRIPTION 
POWER SUPPLY PINS 



NAME 


TYPE 


DESCRIPTION 


VCA 




Filter analog power supply pin 


VCD 




Serial port power supply pin 


AGND 




Filter analog ground pin 


DGND 




Serial port digital ground pin 


INPUT PINS 


VIN+, VIN- 


I 


FILTER SIGNAL INPUTS : The AGC output signals must be AC coupled into 
these pins. 


OUTPUT PINS 


VO DIFF+, 
VO_DIFF- 





DIFFERENTIAL DIFFERENTIATED OUTPUTS: Filter differentated 
outputs. These outputs are normally AC coupled. 


VO NORM+, 
VO_NORM- 





DIFFER ENTIAL NORMAL OUTPUTS : Filter normal low pass output signals. 
These outputs are normally AC coupled. 


DACOUT 





DAC VOLTAGE TEST POINT: This test point monitors the outputs of the 
internal DACs. The source DAC is selected by programming the two MSBs 
of the WSCR register. 


RX 




REFERENCE RESISTOR INPUT: An external 12.1 kQ, 1% resistor is 
connected from this pin to ground to establish a precise PTAT {proportional 
to absolute temperature) reference current for the filter. 


SERIAL PORT PINS 


SDEN 


I/O 


SERIAL DATA ENABLE: Serial enable CMOS compatible input. A high 
level TTL input enables the serial port. 


SDI 


I/O 


SERIAL DATA: Serial data CMOS compatible input. NRZ programming 
data for the internal registers is applied to this input. 


SCLK 


I/O 


SERIAL CLOCK: Serial clock CMOS compatible input. The clock applied 
to this pin is synchronized with the data applied to SDATA. 
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PACKAGE PIN DESIGNATIONS 

(Top View) 



THERMAL CHARACTERISTICS: 6ja 



16-leadSON 


100° C/W 


20-lead SOV 


125° C/W 




DGND 
VO_NORM- 
VO_NORM+ 
VCA 
VIN- [ 
VIN+ [ 
DACOUT [ 

umz [ 



] VO_DFF+ 
] VO_DFF- 
] RX 
] SCLK 
] VCD 
] SDEN 
] SDI 
] AGND 



16-Lead SON 



N/C 
DGND 
VO_NORM- 
VO_NORM+ 

VCA [ 
VIN- [ 
VIN+ [ 
DACOUT [ 
UQWZ 
N/C [ 



] N/C 

] VO_DIFF+ 
] VO_DIFF- 
] RX 
] SCLK 
] VCD 
] SDEN 
] SDI 
] AGND 
] N/C 



20-Lead SOV 



Target Specification: The target specification is intended as an initial disclosure of specification goals for the product. The specifications are 
based on design goals, subject to change and are not guaranteed. 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data sheet 
is current before placing orders. 



Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680 (714) 573-6000, FAX (714) 573-6914 
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Preliminary Data 



DESCRIPTION 

The SSI 32F8120 is a continuous time, low pass filter 
with programmable bandwidth and high frequency 
boost. The low pass filter is a 2 zero / 7 pole 0.05° phase 
equiripple type, featuring excellent group delay char- 
acteristics. It features 1.5-8 MHz programmable 
bandwidth and 0-10 dB programmable boost. Both 
functions are controlled by 7-b'rt command words, 
which are input via a 3-line serial interface. 



December 1992 

FEATURES 

Programmable filter cutoff frequency (/c =1.5 
to 8 MHz) with no external components 

Programmable pulse slimming equalization 
(0 to 10 dB boost at the filter cutoff frequency) 

± 10% cutoff frequency accuracy 

Matched normal and differentiated low-pass 
outputs 

Differential filter inputs and outputs 
Device idle mode 
+5V only operation 

No external filter components required 
Supports constant density recording 




BLOCK DIAGRAM 



PIN DIAGRAM 



VIN+ 
VIN- 



LOW PASS 
FILTER 








SUMMER 









HIGH PASS 
FILTER 



VARIABLE 
ATTENUATOR 



7-BIT 
l-DAC 




7-BIT 
V-OAC 




















FREQUENCY 
REGISTER 




BOOST 
REGISTER 



ADDRESS 
DECODE 



LOW PASS 
FILTER 



HIGH PASS 
FILTER 



SHIFT 
REGISTER 



■n rx 



DGND [ 
VO_NORM- [ 
VO_NORM+ [ 
VCA [ 
VIN- [ 
VIN+ [ 
VBP [ 
VFP [ 



16 
15 
14 
13 
12 
11 
10 
9 



] VO_DIFF+ 

] VO_DIFF- 

] RX 

] SCLK 

] VCD 

] SDEN 

] SDI 

] AGND 



CAUTION: Use handling procedures necessary 
for a static sensitive component. 



1292 -rev. 
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FUNCTIONAL DESCRIPTION 

CUTOFF FREQUENCY PROGRAMMING 

The SSI 32F8120 programmable electronic filter can 
be set to afirtercutoff frequency from 1 .5 to 8 MHz. The 
cutoff frequency can be set by using the serial port 
through pins SDI, SDEN, and SCLK. SDI is the serial 
data input for an 8-bit control shift register, SDEN is the 
control register enable, and SCLK is the control regis- 
ter clock. The data packet is transmitted MSB (D7) first. 
The first four bits are the register address, the last four 
are the data bits. Registers larger than four bits must be 
loaded with two 8-bit data packets. See Table 1 . 



fc is determined by the equation: 

/C (MHz) = 0.061321 (F_Code) + 0.212264 

1.5MHz</c<8MHz 

21 <F_ Code < 127 

SLIMMER HIGH FREQUENCY BOOST 
PROGRAMMING 

The amplitude of the input signal at frequencies near 
the cutoff frequency can be increased using this fea- 
ture. By controlling the V-DAC output, the boost can be 
determined. The amount of boost at the cutoff fre- 
quency is related to the V-DAC output by the following 
formula: 

VBP = VREFx-S^i] 



[Ouput Of V-DAC 
BOOST (dB) = 20*log [0.01703 (S_Code) +1] 



127 



TABLE 1 



ADDRESS BITS 


USAGE 


DATA BITS 


D7 


D6 


D5 


D4 




D3 


D2 


D1 


DO 


X 











S-MSB REGISTER 


X 


S6 


S5 


S4 


X 








1 


S-LSB REGISTER 


S3 


S2 


S1 


SO 


X 





1 





F-MSB REGISTER 


X 


F6 


F5 


F4 


X 





1 


1 


F-LSB REGISTER 


F3 


F2 


F1 


F0 


X 


1 


1 


1 


P REGISTER 


X 


X 


X 


P0 



X = Don't Care 

S = 7-bit Boost (Slimming) Control 

F = 7-bit Frequency (Bandwidth) Control 

P = Power Down Control; PO = 1 for power up; PO = for power down 



clocks data bit I 



I 



SCLK 




SDEN setup 
wrt SCLK falls 



SDEN hold I I SDEN falls 

wrt SCLK falls , I I prior to SCLK 



SDEN 



s 



SDI setup . 
wrt SCLK falls h 



T „ SDI holds 
T4 wrt SCLK ff 



load data 
into register 







FIGURE 1: Serial Port Timing Diagram 
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PIN DESCRIPTIONS 



NAME 


TYPE 


DESCRIPTION 


VIN+, VIN- 


I 


DIFFERENTIAL FILTER INPUTS. The input signals must be AC coupled to 

th&co nine 
11 IGoC \JU lo. 


VO NORM+, 
VOJMORM- 





DIFFERENTIAL NORMAL OUTPUTS. The output signals must be AC 
coupled to the pulse detector. 


VOJDIFF+ 
VO_DIFF- 





DIFFERENTIAL DIFFERENTIATED OUTPUTS. For minimum pulse pairing, 
these outputs should be AC coupled to the pulse detector. 


SDEN 


I 


SERIAL DATA ENABLE. A logic HIGH level allows SERIAL CLOCK to clock 
data into the control register via the SERIAL DATA input. A logic LOW level 
latches the register data and issues the information to the appropriate circuitry. 


SCLK 


I 


SERIAL CLOCK. Negative edge triggered clock input for serial register. 


SDI 


I 


SERIAL DATA INPUT. 


RX 


- 


REFERENCE CURRENT SET. With an external resistor (Rx = 5k£2 ±1%) to 
ground, this pin gives a voltage proportional to the absolute temperature, 
setting the range for VFP. 


VCA 


I 


ANALOG +5 VOLT SUPPLY. 


VCD 


I 


DIGITAL +5 VOLT SUPPLY. 


AGND 


I 


ANALOG GROUND. 


DGND 


I 


DIGITAL GROUND. 


VBP 





BOOST PROGRAMMING VOLTAGE. Output of V-DAC which programs the 
boost. 


VFP 





CUTOFF FREQUENCY PROGRAMMING VOLTAGE. Output of l-DAC which 
programs the cutoff frequency.* 


*A minimum load resistance of 1 50 k£2 should be used to avoid affecting the total minimum on-chip resistance 
of 1.35 kQ. 
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ELECTRICAL SPECIFICATIONS 




ABSOLUTE MAXIMUM RATINGS 

Operation above maximum ratings may damage the device. 




PARAMETER 


RATING 


Storage Temperature 


-65to+150°C 


Junction Operating Temperature, Tj 


+130 °C 


Supply Voltage, VCC 


-0.5to7V 


Voltage Applied to Inputs* 


-0.5 to VCC V 


Maximum Power Dissipation, fc = 8 MHz, Vcc = 5.5V 


0.5W 


T1 Lead Temperature (1/16" from case for 10 seconds) 


260 °C 


* Analog input signals of this magnitude shall not cause any change or degradation in filter performance after 
signal has returned to normal operating range. 


RECOMMENDED OPERATING CONDITIONS 


Supply voltage, VCC 


4.5V < VCC < 5.5V 


Ambient Temperature 


°C < Ta < 70 °C 


Tj Junction Temperature 


0°C<Tj<130°C 



ELECTRICAL CHARACTERISTICS 

Unless otherwise specified recommended operating conditions apply. 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


Isupply 


VCC « 5.5V, outputs unloaded 




55 


75 


mA 


Idle Mode Current 






9 


13 


mA 


Idle to Active Mode Recovery Time 








50 


MS 


Serial port program to output 
response time 








50 


MS 


DC Characteristics 


VIH High Level Input Voltage 


TTL input 


2.0 






V 


VIL Low Level Input Voltage 








0.8 


V 


IIH High Level Input Current 


VIH = 2.7V 






20 


MA 


IIL Low Level Input Current 


VIL = 0.4V 


-1.5 






mA 
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PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


Filter Characteristics 


/c Filter Cutoff Frequency 


/c = VFP, 21 < F_Code < 127 


1.5 




8 


MHz 


FCA Filter /c Accuracy 


/C = VFP, 8 MHz 


-10 




+10 


% 


Cutoff Resolution 


1.5 to 8 MHz 


100 






kHz 


AO VO NORM niff Oain 


F - ft fi7 fr 


7 




1.1 


V/V 


AD VO_DIFF Diff Gain 


F = 0.67/c 


0.90 AO 




1.2 AO 


VA/ 


FB Frequency Boost at /c 


FB(dB) = 20 log [0.01703 (S_Code) +1] 







10 


dB 


FBA Frequency Boost Accuracy 


OtolOdB, Ta<22 °C 


-1.5 




+1.5 


dB 


FBA Frequency Boost Accuracy 


0to10dB,Ta>22°C 


-1 




+1 


dB 


TGDO Group Delay Variation 
Without Boost 


0.2/C-/C 


-2% 
gdm 




+2% 
gdm 


ns 


/c = 1.5 -8 MHz 
gdm = group delay magnitude 


/C-1.75/C 


-3% 
gdm 




+3% 
gdm 


ns 


TGDB Group Delay Variation 
With Boost 


0.2 /c-/c 


-2% 
gdm 




+2% 
gdm 


ns 


/c = 1.5-8MHz 


/C-1.75/C 


-3% 

gdm 




+3% 
gdm 


ns 


Boost Resolution 


1.5 to 8 MHz 


.25 






dB 


VI F Filter Input Dynamic Range 


THD = 1 .5% max, VBP = 0, VO_NORM 

0.1 \iF capacitor across Rx 


1.5 






Vppd 


VOF Filter Output Dynamic Range 


THD = 1 .5% max, VBP = 0, VO_NORM 

0.1 pF capacitor across Rx 


1.5 






Vppd 


VI F Filter Input Dynamic Range 


THD = 3.5% max, VBP = 0, VO_DIFF 
0.1 p.F capacitor across Rx 


1.5 






Vppd 


VOF Filter Output Dynamic Range 


THD = 3.5% max, VBP = 0, VO__DIFF 
0.1 pF capacitor across Rx 


1.5 






Vppd 


VI F Filter Input Dynamic Range 


THD = 1 .5% max, VBP . 0, VO_NORM 

0.1 pF capacitor across Rx 


1.0 






Vppd 


VOF Filter Output Dynamic Range 


THD = 1 .5% max, VBP = 0, VO_NORM 
0.1 pF capacitor across Rx 


1.0 






Vppd 


VI F Filter Input Dynamic Range 


THD = 2.0% max, VBP = 0, VO_DIFF 
0.1 jxF capacitor across Rx, Ta < 22 °C 


1.0 






Vppd 


VOF Filter Output Dynamic Range 


THD = 2.0% max, VBP = 0, VO_DIFF 
0.1 \iF capacitor across Rx, Ta < 22 °C 


1.0 






Vppd 


VIF Filter Input Dynamic Range 


THD = 1 .5% max, VBP =* 0, VOJDIFF 
0.1 \if capacitor across Rx, Ta < 22 °C 


1.0 






Vppd 


VOF Filter Output Dynamic Range 


THD = 1 .5% max, VBP = 0, VO_DIFF 
0.1 |iF capacitor across Rx, Ta < 22 °C 


1.0 






Vppd 
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ELECTRICAL SPECIFICATIONS (continued) 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


Filter Characteristics (continued) 


RIN Filter Diff Input Resistance 




3.0 






kft 


CIN Filter Input Capacitance 








7 


PF 


EOUT Output Noise Voltage 
(VO_NORM) 


BW= 100 MHz, OdB Boost 
50Q input 

fr - 8 MH7 1 dR Roo<?t 




1.8 
2.35 


3 
4 


mVRms 


FONT Ontnnt Nntep Vnltanp 
(VO_DIFF) 


RW = 1 00 MHz dR Roost 

l_7VY "-" 1 \J\J 1 VI 1 \J VlLJ UWOl 

50Q input 

/c = 8MHz 10 dB Boost 




4.2 
5.85 


6 
9 


mVRmc 
hi v rtii is 

mVRms 


10- Filter Output Sink Current 




1.0 






mA 


10+ Filter Output Source Current 




3.0 






mA 


RO Filter Output Resistance 
(oingie enaea; 


Output source current, IO+ = 1 mA 






60 


Q 


1 U reriOO, oOLr\ 




1UU 






ns 


"M OnCM C«ti ir\ \r\ O^l If Code 

1 i oUtlN oetup TO oLrLrx rails 




U 






ns 


T2A SDEN Hold wrt SCLK Falls 











ns 


T2B SDEN Falls prior to SCLK Rises 




25 






ns 


T3SDI Setup to SCLK Falls 




25 






ns 


T4 SDI Hold to SCLK Falls 




25 






ns 


Power Supply Rejection Ratio 


100 mVpp @ 5 MHz on YCA, VCD 


40 


70 




dB 


Common Mode Rejection Ratio 


Vin = VDC + 100 mVpp @5 MHz 


30 


50 




dB 


Bias: Vin+, Vin- 


VCC = 5V 


2.5 


2.9 


3.3 


V 


VO_NORM+, VO_NORM- 


VCC = 5V 


2.8 


3.2 


3.6 


V 


VO_DIFF+, VOJDIFF- 


VCC - 5V 


2.8 


3.2 


3.6 


V 


Change in Normal Output Offset 


FDAC switched from 21-127 




20 




mV 


Change in Differentiated Output Offset 


FDAC switched from 21-127 




20 




mV 
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PACKAGE PIN DESIGNATIONS 

(Top View) 



THERMAL CHARACTERISTICS: 6ja 



16-leadSOL 


100° C/W 


20-lead SOV 


125° C/W 



N/C 
DQND 
VO_NORM- 
VO_NORM+ 
VCA 
VIN- 
VIN+ 
VBP 
VFP 
N/C 



1 
2 
3 
4 
5 
6 
7 
8 
9 
10 



20 
19 
18 
17 
16 
15 
14 
13 
12 
11 



] N/C 

] VOJ5IFF+ 
] VO.DIFF- 
] RX 
] SCLK 
] VCD 
] SDEN 
] SDI 
] AGND 
] N/C 



20-Lead SOV 



DGND 
VO.NORM- [ 
VO_NORM+ 

VCA [ 
VIN- 
VIN+ [ 
VBP 
VFP 



16 
15 
14 
13 
12 
11 
10 
9 



] VO_DIFF+ 
] VO_DIFF- 
] RX 
] SCLK 
] VCD 
] SDEN 
] SDI 
] AGND 



16-Lead SOL 



ORDERING INFORMATION 



PART DESCRIPTION 


ORDER NUMBER 


PACKAGE MARK 


SSI32F8120 16-Lead SOL 
20-Lead SOV 


32F8120-CL 
32F8120-CV 


32F8120-CL 
32F8120-CV 



Preliminary Data: Indicates a product not completely released to production. The specifications are based on preliminary evaluations and 
are not guaranteed. Small quantities are available, and Silicon Systems should be consulted for current information. 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data sheet 
is current before placing orders. 



Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680 (714) 573-6000, FAX (714) 573-6914 



1292 -rev. 
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DESCRIPTION 

The SSI 32F81 30/81 31 Programmable Electronic Fil- 
ters are digitally controlled low pass filters with a 
normal low pass output and a time differentiated low 
pass output. The low pass filter is of a 7-pole / 2-zero 
0.05° phase equiripple type, with flat group delay 
response beyond the passband. 

The SSI 32F81 30/81 31 bandwidth and boost are con- 
trolled by two on-chip 7-bit DACs, which are pro- 
grammed via a 3-line serial interface. The SSI 32F81 30 
filter bandwidth is programmable from 250 kHz to 2.5 
MHz. The SSI 32F81 31 is programmable from 1 50 kHz 
to 1 .4 MHz. The boost is programmable from to 10 
dB. Because the boost function is implemented as two 
zeros on the real axis with opposite sign, the flat group 
delay characteristic is not affected by the boost pro- 
gramming. 

The SSI 32F81 30/81 31 are ideal for multi-rate, equal- 
ization applications. They require only a +5V supply 
and have a power down mode for minimal idle dissipa- 
tion. The SSI 32F81 30/81 31 is available in a 16-lead 
SOL package. 



January 1993 

FEATURES 

• Programmable filter cutoff frequency (SSI 
32F8130 FC=0.25 to 2.5 MHz, SSI 32F8131 : FC 
= 0.15 to 1 .4 MHz) with no external components, 
serial data connections to minimze pin count 

• Power down mode (<5 mW) 

• Programmable pulse slimming equalization 
(0 to 10 dB boost at the filter cutoff frequency) 

• Matched normal and differentiated low-pass 
outputs 

• Differential filter inputs and outputs 

• Programming via internal 7-bit DACs 

• No external filter components required 

• +5V only operation 

• Supports constant density recording 



BLOCK DIAGRAM 



PIN DIAGRAM 




1 


16 


2 


15 


3 


14 


4 


13 


5 


12 


6 


11 


7 


10 


8 


9 



SSI 32F8130: Pin 7 = SDEN 
SSI32F8131: Pin 7 = SDEN 
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FUNCTIONAL DESCRIPTION 

The SSI 32F81 30/81 31, a high performance program- 
mable electronic filter, provides a 7-pole / 2-zero 0.05° 
equiripple linear phase low pass function with matched 
normal and time differentiated outputs. The device 
includes multiple biquads and first-order sections to 
accomplish the filter function, two 7-bit DACs for band- 
width and boost controls, a 3-line serial interface, and 
complete bias reference circuits. Only one external 
precision 8.25 kft resistor should be connected from the 
VFP pin to ground for operation. See Figure 1 . 

SERIAL INTERFACE 

The SSI 32F81 30/81 31 allows easy digital controls of 
filter bandwidth and magnitude equalization via a 3-line 
serial interface. The three pins are SDI, SDEN and 
SCLK. SDI is the serial data input to an internal 8-bit shift 
register. SDEN is the shift register enable. SCLK is the 
shift register clock. Besides the 8-bit shift register which 
accepts data from the SDI input, there are four 4-bit 
registers which hold the filter bandwidth and boost 
controls. Two 4-bit registers are assigned to each control 
function, because a 7-bit binary control is required for 
each function. 

The S-MSB register, whose address code is X000, 
holds the 3 MSBs of the boost conifoi. The S-LSB 
register, whose address code is X001 , holds the 4 LSBs 
of the boost control. The F-MSB register, whose address 
code is X01 0, holds the 4 MSBs of the cutoff frequency 
control. The F-LSB register, whose address code is 
X01 1 , holds the 4 LSBs of the cutoff frequency control. 

The serial interface consists of data packets, which are 
structured as 4-bit address decode followed by 4-bit 
data. Figure 2 shows the serial interface timing to 
successfully program the SSI 32F81 30/81 31 . 



CUTOFF FREQUENCY PROGRAMMING 

The cutoff frequency, /c, is defined as the -3dB band- 
width with no magnitude equalization applied, and is 
programmable from 250 kHz to 2.5 MHz for SSI 
32F8130, and 150 kHz to 1 .4 MHz for SSI 32F8131 . 
While the fc is controlled by an on-chip 7-bit DAC, the 
cutoff frequency resolution is better than 20-kHz step. 

Let F_Code be the decimal equivalent of the 7-bit 
control. The cutoff frequency can be determined by the 
following equations: 

SSI 32F81 30 fc (kHz) = 1 8.2 x F_Code +70 
SSI 32F8131 fc (kHz) = 10.81 x F_Code +37 
where 1 2 < F_Code < 1 27. 

MAGNITUDE EQUALIZATION PROGRAMMING 

The magnitude equalization, measured in dB, is the 
amount of high frequency peaking at the cutoff frequency 
relative to the original -3 dB point. For example, when 1 
dB boost is applied, the magnitude response peaks up 
7 dB above the DC gain. This equalization function is 
also controlled by an on-chip 7-bit DAC. 

Let S_Code be the decimal equivalent of the 7-bit 
control. The magnitude equalization can be determined 
by the equation: 

Boost (dB) = 20 x log 1Q [0.01 703 x S_Code + 1 ] 
where < S_Code < 127. 



INPUT ■ 



+1.31703 
S*+S 1.68495+ 1.31703 



-KS* 



S*+S 1.68495 +1.31 703 



2.95139 




5.37034 


S*+S 1.54203 + 2.95139 




S 2 +S 1.14558 + 5.37034 



0.86133 



S + 0.86133 



Normalized for coc = (2k) fc - 1 

AN and AD are adjusted for unity gain (0 dB) at F = 0.67 fc 

Denormalize the frequency by substituting S -> (S/2k fc) 

Eq for fc = 2.5 MHz, S = S / [(2n) (2.5 • 10 6 )] = S/(1 .57080 • 10 7 ) 



FIGURE 1 : Normalized Transfer Function of the SSI 32F81 30/81 31 
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docks data bit I „ I 



SCLK 




U_! SDEN setup 
I I wrt SCLK falls 



SDEN 



J 



T2A 

SDEN hold i ' SDEN falls 

wrt SCLK falls . I I prior to SCLK 
T2B rises 



SDI setup , , 

wrt SCLK falls 



T ' SDI holds 
73 1 T4 wrt SCLK falls 



load data 
into register 



ta ^ 



SDI 



FIGURE 2: Serial Port Timing Relationship 

Note: 

The serial data enable function of the SSI 32F8130 and that of the SSI 32F8131 are of opposite polarity. 



TABLE 1 : Data Packet Fields 





ADDRESS BITS 




USAGE 


DATA BITS 




D7 


D6 


D5 


D4 






D3 


D2 


D1 


DO 


R0 


X 











s- 


MSB REGISTER 


X 


S6 


S5 


S4 


R1 


X 








1 


s- 


LSB REGISTER 


S3 


S2 


S1 


SO 


R2 


X 





1 





F- 


MSB REGISTER 


X 


F6 


F5 


F4 


R3 


X 





1 


1 


F- 


LSB REGISTER 


F3 


F2 


F1 


F0 



X = Don't care bit. 



3-63 



SSI 32F81 30/81 31 
Low-Power Programmable 
Electronic Filter 



PIN DESCRIPTION 



NAME 


DESCRIPTION 


VIN+, VIN- 


DIFFERENTIAL FILTER INPUTS. The input signals must be AC coupled to these pins. 


VOJMORM+, 
VO_NORM- 


DIFFERENTIAL NORMAL OUTPUTS. The output signals must be AC coupled to the load. 


VO_DIFF+ 

V W \J 1 1 1 


DIFFERENTIAL DIFFERENTIATED OUTPUTS. These outputs should be AC coupled 

IU 11 It; lUdU. 


rWn_UIN 


POWER ON. A TTL high logic level enables the chip. A low level or open circuit puts the 
chip into a low power state. 


OUCZIN [o l<j\J) 

SDEN (8131) 


otniML um i AA tzNMDLt. mm active level anows ooLrv 10 ciock uaia imo ine sniu regisier 
via the SDI input. An inactive level latches the register data and issues the information to 
the appropriate circuitry. Active level for SSI 32F8130 is HIGH, for SSI 32F8131 is LOW. 


SCLK 


SERIAL CLOCK. Negative edge triggered clock input for serial register. 


SDI 


SERIAL DATA INPUT. 


VCA 


ANALOG +5 VOLT SUPPLY. 


VCD 


DIGITAL +5 VOLT SUPPLY. 


AGND 


ANALOG GROUND. 


DGND1 
DGND2 


DIGITAL GROUND. 


VFP 


CUTOFF FREQUENCY PROGRAMMING REFERENCE. A resistor of 8.25 kQ should be 
connected between this pin and AGND. 



ELECTRICAL SPECIFICATIONS 
ABSOLUTE MAXIMUM RATINGS 

Operation above maximum ratings may permanently damage the device. 



PARAMETER 


RATINGS 


UNIT 


Storage Temperature 


-65 to +150 


°C 


Junction Operating Temperature, Tj 


+130 


°c 


Supply Voltage, VCC 


-0.5 to 7 


V 


Voltage Applied to Inputs* 


-0.5 to VCC 


V 


T1 Lead Temperature (1/16" from case for 10 seconds) 


260 


°c 



* Analog input signals of this magnitude shall not cause any change or degradation in filter performance after 
signal has returned to normal operating range. 



RECOMMENDED OPERATING CONDITIONS 



PARAMETER 


RATINGS 


UNIT 


Supply voltage, VCC 


4.50 < VCC < 5.50 


V 


Ambient Temperature 


< Ta < 70 


°c 


Tj Junction Temperature 


0<Tj< 130 


°c 
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ELECTRICAL SPECIFICATIONS (continued) 
ELECTRICAL CHARACTERISTICS 

Unless otherwise specified recommended operating conditions apply. F_Code = 64, S_Code = 0. 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


Idle Mode Current 








1 


mA 


Isupply 






60 


70 


mA 


Power Dissipation 


PWR_ON < 0.8V 






6 


mW 


PWR_ON £ 2.0V 




303 


385 


mW 


Idle to Active Mode Recovery Time 








50 


lis 


Serial port program to output 
response time 








50 


MS 


DC Characteristics 


VIH High Level Input Voltage 


TTL input 


2.0 






V 


VIL Low Level Input Voltage 








0.8 


V 


IIH High Level Input Current 


VIH = 2.7V 






20 


MA 


IIL Low Level Input Current 


VIL = 0.4V 






-1.5 


mA 


Filter Characteristics 


fc Filter Cutoff Frequency 


12<F_Code<127 
SSI 32F8130 


0.25 




2.5 


MHz 


SSI 32F8131 


0.15 




1.4 


MHz 


FCA Filter fc Accuracy 


over fc range 


-10 




+10 


% 


Cutoff Resolution 


. . . Maxfc 


F8130 




20 




kHz 


Resolution- ^ 


F8131 




12 




kHz 


AO VO_NORM Diff Gain 


F = 0.67/c 


0.8 




1.2 


V/V 


AD VO_DIFF Diff Gain 


F = 0.67/c 


1.0 AO 




1.2 AO 


V/V 


FB Frequency Boost at fc 


FB(dB) = 20 log [.01703 
(S_Code) + 1] < S_Code < 127 







10 


dB 


FBA Frequency Boost Accuracy 


10 dB nominal 


-1.5 




+1.5 


dB 


TGDO Group Delay Variation 
Without Boost 

fc = 0.25 - 2.5 MHz 
gdm = group delay magnitude 


0.2 fc - fc 


-2% 
gdm 




+2% 
gdm 


ns 


/C-1.75/C 


-3% 
gdm 




+3% 
gdm 


ns 


TGDB Group Delay Variation 
With Boost 


0.2 fc - fc 


-2% 
gdm 




+2% 
gdm 


ns 


/C-1.75/C 


-3% 
gdm 




+3% 
gdm 


ns 


Boost Resolution 




.25 






dB 


VOF_N Filter Output 

Dynamic Range 


THD = 1% max, Normal Output 


1 






Vpp 
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ELECTRICAL CHARACTERISTICS (continued) 

Unless otherwise specified recommended operating conditions apply. F_Code = 64, S_Code = 0. 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


Filter Characteristics (continued) 


VOF_D Filter Output 

Dynamic Range 


THD = 1% max, Differentiated 
Output 


1 






Vpp 


RIN Filter Diff Input Resistance 




3.0 


4.0 


5.0 


kQ 


CIN Filter Input Capacitance 






3.0 




dF 


EOUT Output Noise Voltage 
(VO NORM) 


BW=100MHz, OdB Boost 
50Q. inDut 




1.2 


1.9 


mVRms 


WVliil II Ik/Ul 

/c = Max /c 10 dB Boost 




1.4 


2.0 


mVRms 


EOUT Output Noise Voltage 
(VO_DIFF) 


BW= 100 MHz, OdB Boost 




2.1 


2.7 


mVRms 


50D. input 

fc = Max fc 10 dB Boost 




2.5 


3.4 


mVRm^ 

1 1 1 V 1 111 IO 


IO- Filter Output Sink Current 




1.0 






mA 


IO+ Filter Output Source Current 




3.0 






mA 


RO Filter Output Resistance 
(Single ended) 


Output source current, 
10+ = 1 mA 




50 


70 


Q 


T1 SDEN Set-up WRT SCLK Falls 











ns 


T2A SDEN Hold WRT SCLK Falls 











ns 


T2B SDEN Falls (rises for 8131) 
prior to SCLK rises 




25 






ns 


T3 SDI Set-up WRT SCLK Falls 




25 






ns 


T4 SDI Hold WRT SCLK Falls 




25 






ns 


SCLK Period, TC 




100 






ns 


Power Supply Rejection Ratio 
VO_NORM 


1 00 mVpp from 1 kHz to 
10 MHz on VCA, VCD 


30 


40 




dB 


Power Supply Rejection Ratio 
VO_DIFF 




20 


30 




dB 


Common Mode Rejection Ratio 
VO_NORM 


Vin = 0VDC + 1 mVpp from 
10 kHz to 10 MHz 


30 


40 




dB 


Common Mode Rejection Ratio 
VO_DIFF 




20 


30 




dB 


Bias: VO_NORM± 


VCC = 5V 


2.40 


2.75 


3.10 


V 


Vin± 


2.20 


2.35 


2.80 


V 


VO_DIFF± 


2.40 


2.75 


3.10 


V 


Normal Output Offset Variation 


F_Code switched from 12-127 


-200 




200 


mV 


Differentiated Output Offset 
Variation 


F_Code switched from 12-127 


-200 




200 


mV 



3-66 



SSI 32F81 30/81 31 
Low-Power Programmable 
Electronic Filter 



TABLE 1: Calculations 



Typical change in /-3 dB point with boost 



Boost (dB) 


Gain@/c (dB) 


Gain® peak (dB) 


/peak//c 


/-3dB//c 


K 





-3 


0.00 


no peak 


1.00 





1 


-2 


0.00 


no peak 


1.21 


0.16 


2 


-1 


0.00 


no peak 


1.51 


0.34 


3 





0.15 


0.70 


1.80 


0.54 


4 


1 


0.99 


1.05 


2.04 


0.77 


5 


2 


2.15 


1.23 


2.20 


1.03 


6 


3 


3.41 


1.33 


2.33 


1.31 


7 


4 


4.68 


1.38 


2.43 


1.63 


8 


5 


5.94 


1.43 


2.51 


1.97 


9 


6 


7.18 


1.46 


2.59 


2.40 


10 


7 


8.40 


1.48 


2.66 


2.85 



Notes: 1 . /c is the original programmed cutoff frequency with no boost 

2. /-3 dB is the new -3 dB value with boost implemented 

3. /peak is the frequency where the amplitude reaches its maximum value with 
boost implemented 

i.e., /c = 1 MHz when boost = dB 

if boost is programmed to 5 dB then f-3 dB = 2.20 MHz 

/peak =1.23 MHz 
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PACKAGE PIN DESIGNATIONS 

(Top View) 



THERMAL CHARACTERISTICS: 6ja 



16-LeadSOL 100°C/W 



AGND 


C 


1 


16 


] 


VO_DIFF+ 


VO_NORM- 


L" 


2 


15 


] 


VO_DIFF- 


VO_NORM+ 


[ 


3 


14 


] 


PWRON 


VCA 


C 


4 


13 


] 


SCLK 


VIN- 


C 


5 


12 


] 


VCD 


VIN+ 


[ 


6 


11 


] 


DGND2 


SDEN/SDEN 


c 


7 


10 


] 


VFP 


SDI 


c 


8 


9 


] 


DGND1 



16- Lead SOL 



SSI 32F8130: Pin 7 = SDEN 
SSI32F8131: Pin 7 = SDEN 



ORDERING INFORMATION 



PART DESCRIPTION 


ORDER NO. 


PKG. MARK 


SSI 32F813016-Lead SOL- 


32F8130-CL 


32F8130-CL 


SSI 32F81 31 16-LeadSOL 


32F8131-CL 


32F8131-CL 



No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders. 



Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680 (714) 573-6000, FAX (714) 573-6914 



©1991 Silicon Systems, Inc. 

Patent No. 5,063,309 

Patent Pending Nos. (516717) (823067) 
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HDD DATA 
RECOVERY 



A TDK Group IC( 
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DESCRIPTION 

The SSI 32D537 Data Synchronizer/1 , 7 RLL ENDEC 
family provides data recovery and data encoding for 
storage systems which employ a 1 , 7 RLL encoding 
format. Data synchronization is performed with a fully 
integrated high performance PLL. A zero phase restart 
technique is used to minimize PLL acquisition time. 
The SSI 32D537 family has been optimized for opera- 
tion as a companion device to the SSI 32C4650 con- 
troller. The VCO frequency setting elements are incor- 
porated within the SSI 32D537 family for enhanced 
performance and reduced board space. Data rate is 
established with a single external programming resis- 
tor. The SSI 32D5371 family utilizes an advanced 
bipolar process technology which affords precise de- 
code window control without the requirement of an 
accurate 1/3 cell delay or external devices. The SSI 
32D537 family requires a single +5V supply. 



FEATURES 



32D5371 - ECL RD Input Option, 10 to 24 Mbit/s 

32D5372 - TTL RDjnput Option, 10 to 24 Mbit/s 

32D5373 - TTL RD Input Option, 15 to 32 Mbit/s 

32D5374 - ECL RD Input Option, 15 to 32 Mbit/s 

Data Synchronizer and 1,7 RLL ENDEC 

Data Rate programmed with a single external 
resistor or current source 

Optimized for operation with the SSI 32C4650 
controller. 

Fast acquisition phase lock loop 

- Zero phase restart technique 

Fully integrated data separator 

- No external delay lines or active devices 
required 

Programmable write precompensation 
Hard and soft sector operation 
Crystal controlled reference oscillator 
+5V operation 

28-Pin PLCC & 28-Pin SOL packages 
Test outputs - Allow drive margin testing 




BLOCK DIAGRAM 
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OPERATION 

The SSI 32D5371 , 32D5372, 32D5373, 32D5374 prod- 
uct family, hereafter designated as the 32D537X, are 
designed to perform data recovery and data encoding in 
rotating memory systems which utilize a 1 ,7 RLL encod- 
ing format. In the Read Mode the SSI 32D5367X 
performs Data Synchronization, Sync Field Search and 
Detect, Address Mark Detect, and Data Decoding. In 
the Write Mode, the SSI 32D537X converts NRZ data 
into the 1 ,7 RLL format described in Table 1 , performs 
Write Precompensation, and inserts Address Marks as 
requested. The interface electronics and architecture of 
the SSI 32D537X have been optimized for use as a 
companion device to the SSI 32C9000 controller. 

The SSI 32D537X can operate with data rates ranging 
from 1 to 32 Mbit/s. This data rate is established by a 
single 1% external resistor, RR, connected from pin 
IREF to VPA. This resistor establishes a reference 
current which sets the VCO center frequency, the phase 
detector gain, and the 1/3 cell delay. The value of this 
resistor is given by: 

92 6 

32D5371/5372: RR=^^ -1.7(kH) 

1 

32D5373 / 5374:/RR = — - 1. 7 (kO) 

^ i_jr\ 

where: DR = DatfRate in Mbit/s. 

An internal crystal reference oscillator, operating at 
three times the data rate, generates the standby refer- 
ence for the PLL. A series resonant crystal between 
XTAL1 and XTAL2 should be selected at three times the 
Data Rate. If a crystal oscillator is not desired, then an 
AC coupled ECL source may be applied to XTAL1 , 
leaving XTAL2 open. A TTL compatible reference may 
also be used if suitably attenuated and AC coupled. 

The SSI 32D537X employs a Dual Mode Phase Detec- 
tor; Harmonic in the Read Mode and Non Harmonic in 
Write and Idle Modes. In the Read Mode the Harmonic 
Phase Detector updates the PLL with each occurrence 
of a DYLD DATA pulse. In the Write and Idle modes the 
Non-Harmonic Phase Detector is continuously en- 
abled, thus maintaining both phase and frequency lock. 
By acquiring both phase and frequency lock to the 
crystal reference oscillator and utilizing a zero phase 
restart technique, false lock to DLYD DATA is elimi- 
nated. 

The phase detector incorporates a charge pump in 
order to drive the loop filter directly. The polarity and 



width of the output current pulses correspond to the 
direction and magnitude of the phase error. 

The READ GATE (RG), and WRITE GATE (WG) inputs 
control the device mode. 

RG is an asynchronous input and may be initiated or 
terminated at any position on the disk. WG is also an 
asynchronous input, but should not be terminated prior 
to the last output Write Data pulse. 

READ OPERATION 

The Data Synchronizer utilizes a fully integrated fast 
acquisition PLL to accurately develop the decode win- 
dow. Read Gate, RG, initiates the PLL locking se- 
quence and selects the PLL reference input; a high level 
(Read Mode) selects the RD input and a low level 
selects the crystal reference oscillator. 

In the Read Mode the falling edge of DRD enables the 
Phase Detector while the rising edge is phase com- 
pared to t he ris ing edge of the VCO/2. As depicted in 
Figure 1, DRD is a 1/3 cell wide (TVCO) pulse whose 
leading edge is defined by the leading edge of RD. An 
accurate and symmetrical decode window is developed 
from the VCO/2 clock. By utilizing a fully integrated 
symmetrical VCO running at three times the data rate, 
the decode window is insured to be accurate and 
centered symmetrically about the rising edges of DRD. 
The accuracy of the 1 /3 cell delay only affects the retrace 
angle of the phase detector and does not influence the 
accuracy of the decode window. 

In Non-Read Modes, the PLL is locked to the crystal 
reference oscillator. This forces the VCO to run at a 
frequency which is very close to that required for track- 
ing actual data and thus minimizes the associated 
frequency step during acquisition. When the reference 
input to the PLL is switched, the VCO is stopped 
momentarily, then restarted in an accurate phase align- 
ment with the next PLL reference input pulse, and the 
VCO clock divider is reset. By minimizing the phase 
alignment in this manner the acquisition time is substan- 
tially reduced. 

After Read Mode is terminated (RG low), the VCO and 
RRC sources switch from RD and VCO/3, respectively, 
to the reference crystal. After a delay of one NRZ bit time 
(minimum) from when RG is low, write gate (WG) may 
be enabled (see figure 7 for timing diagram). NRZ is atri- 
statable pin controlled by RG. NRZ will change states 
within one NRZ bit time. The NRZ pin can be connected 
to WDNRZ to form a bi-directional port. 
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SOFT SECTOR OPERATION 

Disk Operation Lock Sequence in Read Mode Soft 
Sector Operation 



7"0", 7"0", 11 "0", 11"0" 



GAP 


ADDRESS 


3X 


vco 


BIT 


ID/ECC 


ENC 




MARK 


"sr 


LOCK 


SYNC 


DATA 





ADDRESS MARK DETECT 

In Soft Sector Read Operation the SSI 32D537X must 
first detect an address mark to be able to initiate the rest 
of the read lock sequence. An address mark for the 
SSI 32D537X consists of two (2) 7 "0" patterns fol- 
lowed by two 1 1 "0" patterns. To begin the read lock 
sequence the Address Mark Enable (AMENB) is 
asserted high by the contro ller. The SSI 32D537X 
Address Mark Detect (AMD) circuitry then initiates a 
sea rch of the read data (RD) for an address mark. First 
the AMD looks for a set of 6 "0's" within the 7 "0" 
patterns. Having detected a 6 "0 " the A MD then looks 
for a 9 "0" set within the 1 1 "0's." If AM D does not detect 
9 "0's" within 5 RD bits after detecting 6 "0's" it will 
restart the Address Mark Detect sequence and look for 
6 "0's." When the A MD has acquired a 6 "0," 9 "0" 
sequence the AMD transitions l ow dis abling AMENB 
input. When AMENB is released, AMD will be released 
and reset by the SSI 32D537X. The AMENB should be 
released prior to entering Read Mode. 

PREAMBLE SEARCH 

Afterthe Address Mark (AM) has been detected, Read 
Gate (RG) can be asserted initiating the remainder of 
the read lock sequence. When RG is asserted an 
internal counter counts negative transitions of the 
incoming Read Data (RD) looking for (3) consecutive 
negative transitions. Once the counter reaches count 
3 (finds (3) consecutive negative transistors) the inter- 
nal read gate switches the phase detector input from 
t he re ference oscillator to the Delayed Read Data 
(DRD); at the same time a zero phase (internal) restart 
signal restarts the VCO in phase with the Delayed 
Read Data. This prepares the VCO to be synchronized 
to data when the bit sync circuitry is enabled after VCO 
lock is established. 



VCO LOCK & BIT SYNC ENABLE 

When the internal counter counts 16 more negative 
transitions or a total of 19 "3T's" from RG enable, an 
internal VCO lock signal enables. The VCO lock signal 
activates the decoder bit synchronization circuitry to 
define the proper decode boundaries. Also, at the 
count of 19, the RRC source switches from the refer- 
ence osci llator to VCO clock signal which is phase 
locked to DRD. The VCO is assumed locked at this 
point. The bit sync circuitry searches for a '1001001' 
pattern to align the proper decode boundaries. During 
this time, an RRC pulse may be stretched a maximum 
of 2 RRC time periods during the alignment process to 
prevent any glitches. 

HARD SECTOR OPERATION 

Disk Operation Lock Sequence in Read Mode Hard 
Sector Operation 






19"3T" 








«- 










3X 

"3T" 


VCO 
LOCK 


BIT 
SYNC 


ID/ECC 


DATA — — 



In hard sector operation a low AMENB disables the 
SSI 3 2D537X's Address Mark Detection circuitry and 
AMD remains inactive. A hard sector read operation 
does not require an address mark search but starts 
with a preamble search as with soft sector and se- 
quences identically. In all respects, with the exception 
of the address mark search sequence, hard sector 
read operation is the same as soft sector read. 

WRITE MODE 

In the write mode the SSI 32D537X converts NRZ data 
from the controller into 1 ,7 RLL formatted data for 
storage on the disk. The SSI 32D537X can operate 
with a soft or hard sector hard drive. 

Serial NRZ data is clocked into the SSI 32D537X and 
latched on defined cell boundaries. The NRZ input data 
must be synchronous with the rising edges of the 
WCLK input. The WCLK input is a feature provided for 
operation in an ESDI application to compensate for 
large cable delays. In SCSI or IDE operation, WCLK is 
connected directly to the RRC output. 
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Write precompensation circuitry is provided to com- 
pensate for intersymbol interference caused by media 
bit shift. The SSI 32D537X recognizes specific write 
data patterns and can add or subtract delays in the time 
position of write data bits to counteract the read back 
bit shift. The magnitude of the time shift, TPC, is 
determined by an external register on the WCS pin 
where the register is connected from WCS to VPA1 . 

When the write precompensation control latch, 
WCL is low, the SSI 32D537X performs write 
precompensation according to the algorithm out- 
lined in Table 4. 

SOFT SECTOR 

In soft sector operation, when Write Gate (WG) is 
asserted, the NRZ input (WDNRZ) must be kept low. 
To generate an Address Mark (consisting of 7 "O's", 7 
"O's", 11 "O's", 11 "O's") the Address Mark Enable 



(AMENB) is toggled high for a minimum of 1 NRZ bit 
time. The toggling of AM ENB must occu r at least 1 N RZ 
bit time after WG is asserted. After the address mark is 
generated, WDNRZ must be kept low for an additional 
44 NRZ bits to properly generate 19 x '3T for the 
preamble plus three '3T' for the bit sync field. Data can 
then be written on the WDNRZ line with the encode 
data appearing on WD 5 NRZ bit times later. After 
writing is complete, WG should be held high for an 
additional 5 NRZ bit times to ensure that the encoder is 
flushed. See Figure 9 for timing diagram. 

HARD SECTOR 

After WG is asserted, WDNRZ must be kept low for a 
minimum of 44 NRZ bit times to ensure a preamble f ield 
of at least 19 x "3T" plus 3 x "3T" for the bit sync field. 
Data can then be written as in the soft sector operation. 



TEST POINTS 

The SSI 32D537X provides three (3) test points which can be utilized to evaluate window margin 
characteristics. 

(a) DRD, delayed read data - the positive edges represent the data bit position 

(b) VCO REF, the VCO reference which represents the input to the Phase Detector, synchronizer, and 
1 ,7 decoder 

(c) VCO CLK, the VCO clock output which represents the output of the VCO 
The following figure describes the relationship between the various test points: 



DRD 



VCO CLK 




VCO REF 




FIGURE 1: Test Point Relationships 
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NOTE: * Denotes internal signal 



FIGURE 2: Data Synchronization Waveform 



| PRESENT | 

^ Y2 ^ Y3 ^ Y1 ^ Y2 ^ Y3 ^ Y1 1 ,7 CODE 

PREVIOUS i I I I NEXT 

CODEWORD' 'codeword 
LAST BIT | 1 1 1 | FIRST BIT 

1 CODE WORD 

I I 

FIGURE 3: NRZ Data Word Comparision to 1 , 7 Code Word 
(See Tables 1, and 2 for Decode Scheme) 



4-5 



SSI 32D5371/2/3/4 

Data Synchronization/1, 7 RLL ENDEC 
with Write Precompensation 



TABLE 1 : Decode Table for (1 , 7) RLL Code Set 



ENCODED READ DATA 


DECODED DATA 


Previous Present Next 
Y Y Y Y Y Y Y 
2 3 1 2 3 1 2 


D D 
1 2 


XX 

1 XX 
1 XX 


1 

1 


XX 10 XX 


1 1 


X 1 
X 10 10 
X 1 1 


1 1 

1 
1 


X 1 10 
X 1 10 10 
X 1 10 1 


1 




1 XX 

1 1 XX 
1 1 XX 


1 


(Preamble) 


XX 10 1 XX 


1 



TABLE 2: Encode Table for (1, 7) RLL Code Set 



MD7 HAT* 
til 1*. hsfl l #-» 


ENCODED VVRiTE DA i A 


Present Next 
D D D D 
12 3 4 


Previous Present 
Y Y Y Y 
3 12 3 


OX 
1 X 
1 X 


X 1 



1 10 


10 OX 
10 1 X 


10 1 
10 


1 
1 
1 10 
1 10 


1 

1 10 



1 


1 1 
1 1 
1 11 
1 11 


1 

1 



1 


11 
11 10 
11 1 

11 11 


1 
10 
1 
10 



NOTE: X = Don't Care 
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TABLE 3: Clock Frequency 



WG 


RG 


VCO REF 


RRC 


DECCLK 


ENCCLK 


MODE 








XTAL/2 


XTAL/3 


XTAL/2 


XTAL/2 


IDLE 





1 


RD 


VCO/3 


VCO/2 


XTAL/2 


READ 


1 





XTAL/2 


XTAL/3 


XTAL/2 


XTAL/2 


WRITE 


1 


1 


XTAL/2 


XTAL/3 


XTAL/2 


XTAL/2 


IDLE 


Note 


1 : Until the VCO locks to the new source, the VCO/2 entries will 




be XTAL/2. 












2: Until the VCO locks to the new source, the VCO/3 entries will 




be XTAL/3. 











B 



TABLE 4: Write Precompensation Algorithm 



BIT 


BIT 


BIT 


BIT 


BIT 


COMPENSATION 


n-2 


n-1 


n { 


n+1 


n+2 


BIT n 


1 





1 





1 


NONE 








1 








NONE 


1 





1 








EARLY 








1 





1 


LATE 


LATE: Bit n is time shifted (delayed) from its nominal 
time position towards the bit n+1 time position. 


EARLY: Bit n is time shifted (advanced) from its nominal 
time position towards the bit n-1 time position. 



TABLE 5: Write Precompensation Magnitude 



WCI 


WCO 


MAGNITUDE (WP) 








3 





1 


2 


1 





1 


1 


1 





The nominal magnitude, 

TPC = WP x TPCO is externally set with resistors 
on pins WCS and IREF. 
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PIN DESCRIPTION 



INPUT PINS 



NAME 


TYPE 


DESCRIPTION 


RD (TTL) 
RD (ECL) 


1 


READ DATA: Encoded Read Data from the disk drive read channel. The 
TTL input version (5372/5373) is an active low signal. The ECL input version 
(5371/5374) is an active high signal. 


RG 


1 


READ GATE: Selects the PLL reference input (REF), see Table 2. Achange 
in state on RG initiates the PLL synchronization sequence. Pin RG has an 
internal resistor pullup. 


WG 


1 


WRITE GATE: Enables the write mode, see Table 2. Pin WG has an internal 
resistor pullup. 


WCLK 


1 


WRITE CLOCK: Write Clock input. Must be synchronous with the NRZ 
Write Data input. For small cable delays, WCLK may be connected directly 
to pin RRC. 


EPD 


1 


ENABLE PHASE DETECTOR: A low level (Coast Mode) disables the 
phase detector and enables the test mode. This opens the PLL and the VCO 
will run at the frequency commanded by the voltage on pin VCO IN. In the 
test mode, functions normally driven by the VCO are switched to XTAL. Pin 
EPD has an internal resistor pull up. 


AMENB 


1 


ADDRESS MARK ENABLE: Used to enable the address mark detection 
and address mark generation circuitry, active high. Pin AMENB has an 
internal resistor pullup. 


woo , wci 


j 


WRITE PRECOMPENSATION CONTROL BITS: Pins WCI, and WCO 
control the magnitude of the write precompensation, see Table 4. Internal 
resistor pull ups are provided. If unused, leave pins open or tie high. 


WCL 


1 


WRITE PRECOMPENSATION CONTROL LATCH: Used to latch the write 
precompensation control bits WC1 and WCO into the internal DAC. An 
active low level latches the input bits. Pin WCL has an internal resistor pull 
up. If unused, leave pin open or tie high. 


WDNRZ 


1 


NRZ WRITE DATA INPUT PIN: This pin can be connected to the NRZ pin 
to form a bidirectional data port. 


OUTPUT PINS 


WDO 





WRITE DATA: Encoded write data output, active low. The data is 
automatically resynchronized (independent of the delay between RRC and 
WCLK) to one edge of the XTAL1 input clock. 


RRC 





READ/REFERENCE CLOCK: A multiplexed clock source used by the 
controller, see Table 2. During a mode change, no glitches are generated 
and no more than two lost clock pulses will occur. When RG goes high, RRC 
is synchronized to the NRZ Read Data after 19 read data pulses. 


AMD 





ADDRESS MARK DETECT: Tristate output pin that is in its high impedance 
state when WG is high or AMENB is low. A latched low level output indicates 
that an address mark has been detected. A low level on pin AMENB resets 
pin AMD. 
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OUTPUT PINS (Continued) 



NAME 


TYPE 


DESCRIPTION 


VCO REF 





VCO REFERENCE: An open emitter ECL output test point. The VCO 
reference input to the phase detector, the positive edges are phase locked 
to DLYD DATA. The negative edges of this open emitter output signal 
indicate the edges of the decode window. Two external resistors are 
required to perform this test, they should be removed during normal 
operation for reduced power dissipation. 


VCO CLK 





VCO CLOCK: An open emitter ECLoutputtest point. Two external resistors 
are required to perform this test. They should be removed during normal 

nnpratinn fnr roHuppH nnu/pr Hiccinatinn 
Ufjcicuiuii iui icuui/CU (juwci uiooipcuiui 1. 


DRD 





DELAYED READ DATA: An open emitter ECL output test point. The 
positive edges of this open emitter output signal indicates the data bit 
position. The positive edges of the DRD and the VCO REF signals can be 
used to estimate window centering. The time jitter of DRD's positive edge 
is an indication of media bit shift. Two external resistors are required to 
perform this test. They should be removed during normal operation for 
reduced power dissipation. 


NRZ 





NRZ READ DATA OUTPUT: Tristate output pin that is enabled when read 
gate is high. This pin can be connected to the WDNRZ pin to form a 
bidirectional data port. 


ANALOG PINS 


IREF 


I 


TIMING PROGRAM PIN: The VCO center frequency and the 1/3 cell delay 
are a function of the current sourced into pin IREF. The current is set by an 
external resistor, RR, connected between pin IREF and VPA2. 


XTAL1 , 2 


I 


CRYSTAL OSCILLATOR CONNECTIONS: The pin frequency is at three 
times the data rate. If the crystal oscillator is used, an AC coupled parallel 
LC circuit must be connected from XTAL1 to ground. If the crystal oscillator 
is not desired, XTAL1 may be driven either by an AC coupled suitably 
attenuated TTL source or by an AC coupled ECL source, with XTAL2 open. 
The source duty cycle should be as close to 50% as possible, since its duty 
cycle will affect the RRC clock duty cycle when XTAL is its source. The 
additional RRC duty cycle error will be one third the source duty cycle error. 


PDOUT 





PHASE DETECTOR OUTPUT: Drives the loop filter input. 


VCO IN 


I 


VCO CONTROL INPUT: Driven by the loop filter output. 


WCS 


I 


WRITE PRECOMPENSATION SET: Pin for a resistor to program the write 
precompensation magnitude value. The resistor, RC, is connected between 
pin WCS and VPA2. If this pin is left open, write precompensation is 
disabled. 


DGND, AGND 


I 


Digital and Analog Ground 


VPA1, VPA2 


I 


Analog +5V Supplies 


VPD 


I 


Digital +5V Supply 
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ELECTRICAL SPECIFICATIONS 



ABSOLUTE MAXIMUM RATINGS 

Operation above maximum ratings may damage the device. 



PARAMETER 


RATING 


UNIT 


Storage Temperature 


-65 to + 150 


°C 


Junction Operating Temperature, Tj 


+150 


°C 


Supply Voltage, VPA1 , VPA2, VPD 


-0.5 to 7 


V 


Voltage Applied to Logic Inputs 


-0.5 to VPD + 0.5 


V 


Maximum Power Dissipation 


0.9 


w 


RECOMMENDED OPERATING CONDITIONS 


Supply Voltage, VPA1 = VPA2 = VPD = VCC 


4.75 < VCC < 5.25 


V 


Junction Temperature, Tj 


< Tj < 135 


°c 


Ambient Temperature, Ta 


< Ta < 70° 


°c 



ELECTRICAL CHARACTERISTICS 

Unless otherwise specified, 4.75V < VCC < 5.25V, 1 MHz < 1/TORC < 24 MHz, 30 MHz < 1/TVCO < 72 MHz 
(32D5371/5372), 1 5 MHz < 1/TORC < 32 MHz, 45 MHz < 1/TVCO < 96 MHz (32D5373/5374), °C < Ta < 70 °C. 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


VIH 


High Level Input 
Voltage 




2.0 






V 


VIL 


Low Level Input 
Voltage 








0.8 


V 


HH 


High Level Input 
Current 


VIH = 2.7V 






20 


uA 


IIL 


Low Level Input 
Current 


VIL = 0.4V 






-0.36 


mA 


VOH 


High Level Output 
Voltage 


IOH = 400 |iA 


2.4 






V 


VOL 


Low Level Output 
Voltage 


IOL = 4mA 






0.5 


V 


VIHP 


Pseudo ECL High Level 
Input Voltage; RD 


Ta = 25°C 


VCC-1.0 






V 


VILP 


Pseudo ECL Low Level 
Input Voltage; RD 


Ta = 25°C 






VCC-1.5 


V 


HHP 


Pseudo ECL High Level 
Input Current; RD 


VIH = VCC -0.8V 






2.0 


mA 


IILP 


Pseudo ECL Low Level 
Input Current; RD 


VIL = VCC -1.5V 






1.6 


mA 


ICC 


Power Supply Current 


All outputs & test point 
pins open 






160 


mA 


PWR 


Power Dissipation 


All outputs & test point 
pins open 






0.84 


W 
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ELECTRICAL CHARACTERISTICS (Continued) 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


VOHT Test Point 

Output High Level 
DRD, VCO CLK, 
VCO REF 


2Q2Q to VPD 
402Q to DGND 
VPD = 5.0V 
VOHT - VPD 




-0.85 




V 


VOLT Test Point 

Output Low Level 
DRD, VCO CLK, 
VCO REF 


262ft to VPD 
402ft to DGND 
VPD = 5.0V 
VOLT - VPD 




-1.75 




V 


DYNAMIC CHARACTERISTICS AND TIMING 
READ MODE (See Figure 3) 


PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


TRD Read Data Pulse Width 




12 




4/3TORC-20 


ns 


TFRD Read Data Fall Time 


2.0V to 0.8V, CL<15pF 






9 


ns 


TRRC Read Clock Rise Time 


0.8V to 2.0V, CL<15pF 






8 


ns 


TFRC Read Clock Fall Time 


2.0V to 0.8V, CL<15pF 






5 


ns 


RRC Duty Cycle 


10-20 Mbit/s 


43 


50 


57 


% 


>20 - 32 Mbit/s 


40.8 


50 


59.2 


% 


TPNRZ NRZ (out) Set Up/ 
Hold Time 


10-20 Mbit/s 


15.5 






ns 


>20 - 24 Mbit/s 


13 






ns 


>24 - 32 Mbit/s 


10 






ns 


KD Decode Window 

Centering Accuracy 






±1.5 


ns 




Decode Window 




2T0RC/3)- 1.5 




ns 




WRITE MODE (See Figure 4) 


PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


TWD Write Data Pulse Width 


Cl< 15 pF 


2TOWC/3 
-TPC -5 




2TOWC/3 
+TPC 
+5 


ns 


TFWD Write Data Fall Time 


2.0V to 0.8V, CL<15pF 






5 


ns 


TRWC Write Data Clock 
Rise Time 


0.8V to 2.0V 






10 


ns 


TFWC Write Data Clock 
Fall Time 


2.0V to 0.8V 






8 


ns 


TSNRZ WDNRZ Set up Time 




5 






ns 


THNRZ WDNRZ Hold Time 




5 






ns 
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WRITE MODE (Continued) 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


TPC 


Precompensation 
Time Shift 
Magnitude 
Accuracy 


TPCO = 1.12TxA/(B + 3A) 
T = XTAL Period 
A = 0.19/(Rc + 0.51) + 5.8E-3 
B = 0.42 / (RR + 0.53) + 1 .08E-2 












RC= ° fl 19(1 - 2 - 7S) 

s Irr + oV 0025 ] ~°- 006 

S = TPCO/T; RR, RC (kft) 

(Rc tied between WCS and +5V) 














WCO = 1, WCT= 1 










ns 






WC0~= 0, WCT m 1 




TPCO 




ns 






WCO = 1, WCT = 




2TPCO 




ns 






WCO = 0, WcT = 




3TPCO 




ns 


DATA SYNCHRONIZATION VCC = 5.0V; 32D5371/2: 2.15k < RR < 7.6k; 32D5373/4: 2.60k < RR < 7.6k 


PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


TVCO 


VCO Center 
Frequency Period 


VCO IN = 2.7V 

32D5371/5372 TO - 3.6 (RR + 1 .7) 
32D5373/5374 TO . 2.4 (RR + 1 .7) 


0.8 TO 




1.2 TO 


ns 


VCO 


Frequency 
Dynamic Range 


1V< VCO_IN< VCC-0.6V 


±25 




±45 


% 


KVCO 


VCO Control Gain 


ox) = 2jc/TVCO 
1V<VCO_IN< VCC 0.6V 


0.14 (do 




0.26 coo 


rad/s-V 


KD 


Phase Detector 
Gain* 


KD= 0.66/(RR+530) Read Mode 

= 0.33/(RR+530) Non-Read Mode 
Indirectly tested 


0.83 KD 




1.17KD 


^iA/rad 


KVCO x KD Product 
Accuracy* 


Indirectly tested 


-28 




-28 


% 


VCO Phase 
Restart Error* 


Referred to RRC 
Indirectly tested 


-1 




1 


rad 


TPAMD 


AMD Propogation Delay 


10-24 Mbit/s 
>24 - 32 Mbit/s 


13 
10 






ns 
ns 


1/3 Cell Delay 


TD = 3.6 (RR+1 .7): 32D5371/2 
TD = 2.4 (RR+1 .7): 32D5373/4 


0.8TD 




1.2TD 


ns 


CONTROL CHARACTERISTICS (See Figure 5) 


PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


TSWS 


WCO , WC1 
SET UP TIME 




7 






ns 


THWS 


WCO, WCT 
HOLD TIME 




7 






ns 
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m ► 
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FIGURE3: Read Timing 




FIGURE 4: Write Timing 




FIGURE 5: Control Timing 
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TRISTATE 
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FIGURE 6: Address Mark Search 
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FIGURE 7: Read Mode Locking Sequence (Soft and Hard Sector) 




3" 



o 

Q) 
#■+ 

0> 

(/> 

3 
O 

□r 
o 

n' 

0) 



<T> O 

-t — * 

O 
O 

3 

(D 
3 
</> 



0) 

(/> 

CO 

O 

□ 2 



•si 

33 



So 



O 
3 



m w 
O £ 



1 NRZ BIT TIME MIN 




TIMING BETWEEN AMENB & START OF WDNRZ TIMING 
MUST MEET TIME REQUIREMENTS OF WRITE DATA. 



1UT 



ULT 



FIGURE 8: Multiple Address Mark Write 
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FIGURE 9: Write Data 
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PACKAGE PIN DESIGNATIONS 

(Top View) 




28-Pin SOL 



CAUTION: Use handling procedures necessary 
for a static sensitive component., 



RG [ 5 
WCLK [ 6 
WDNRZ[ 7 
WCT[ 8 
WCT[ 9 
WCO [ 10 
WCS [ 11 



s $ i S 5 £ s 

$ < > ccloc < uj £ 



1 28 27 26 



12 13 14 15 16 17 18 



] VCO IN 
] PD OUT 
] VPA1 
] T5En 
] VCO CLK 
] VCO REF 
] VPD 



§ 5 a 

I g £ 



28-Pin PLCC 



ORDERING INFORMATION 



PART DESCRIPTION 


ORDERING NUMBER 


PACKAGE MARK 


SSI 32D5371 Data Synchronization/1 , 7 RLL ENDEC with Write Precompensation 


28-Pin SOL 


32D5371-CL 


32D5371-CL 


28-PIN PLCC 


32D5371-CH 


32D5371-CH 


SSI 32D5372 Data Synchronization/1 , 7 RLL ENDEC with Write Precompensation 


28-Pin SOL 


32D5372-CL 


32D5372-CL 


28-PIN PLCC 


32D5372-CH 


32D5372-CH 


SSI 32D5373 Data Synchronization/1, 7 RLL ENDEC with Write Precompensation 


28-Pin SOL 


32D5373-CL 


32D5373-CL 


28-PIN PLCC 


32D5373-CH 


32D5373-CH 


SSI 32D5374 Data Synchronization/1 , 7 RLL ENDEC with Write Precompensation 


28-Pin SOL 


32D5374-CL 


32D5374-CL 


28-PIN PLCC 


32D5374-CH 


32D5374-CH 



Preliminary Data: Indicates a product not completely released to production. The specifications are based on preliminary evaluations and 
are not guaranteed. Small quantities are available, and Silicon Systems should be consulted for current information. 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting frpm its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders. 

Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680 (714) 573-6000, FAX (714) 573-6914 



Protected by the following patent: (4,803,445) 
©1990 Silicon Systems, Inc. 
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DESCRIPTION 

The circuit is intended to be used as a data/clock 
recovery circuit for 1 , 7 RLL code in hard disk drive 
systems with a +5V supply. 

FEATURES 

• Data synchronizer and 1 , 7 RLL ENDEC 

• 9-bit bi-directional data bus interface 

- 8 data bits plus 1 parity bit 

Parity generation during read operation 

- Parity checking during write operation 

• Up to 48 Mbit/s operation 

Data rate programmed with a single external 
resistor or current source 

• Programmable Sync-Byte pattern detection 



SSI 32D539 
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Preliminary Data 



December 1991 

• Fast acquisition phase locked loop with zero 
phase restart technique 

• Fully integrated data separator 

- No external delay lines or active devices 
required 

• Programmable decode window symmetry 
control 

- Includes delayed read data and VCO clock 
monitor points 

• Programmable write precompensation 

• Hard and soft sector operation 

• Uses standard 5V ± 5% supply 

• 44-pin PLCC package 



BLOCK DIAGRAM 



VCOREF EPD 



, co|N RS W5CWSD W WT m VPA1^ f JJPA2 ^VPD 



Analog 



Q RCLK 
CI NCLK 
O WCLK 




GND J_ _L DGND 
Analog Ground Digital Ground 



~Sbl SB(5 perr 



1291 - rev. 
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OPERATION 

DATA/CLOCK RECOVERY CIRCUIT 

The circuit is designed to perform data recovery and 
data encoding in rotating memory systems which utilize 
a 1 , 7 RLL encoding format. In the read mode the circuit 
performs data synchronization, sync field search and 
detect, address mark detect, and data decoding. In the 
write mode, the circuit converts NRZ data into the 1 , 7 
RLL format described in Table 1, performs write 
precompensation, generates the preamble field and 
inserts address marks as requested. 

This data rate is established by a single 1% external 
resistor, RR, connected from the IREFpinto VPA. This 
resistor establishes a reference current which sets the 
VCO center frequency, the phase detector gain, and 
the 1/3 cell delay. The value of this resistor is given by: 



Where: DR = data rate in Mbit/s 

Alternately, the IREF pin can be driven from the SSI 
32D4660 in a constant density recording application. 

The circuit employs a dual mode phase detector; 
harmonic in the read mode and non-harmonic in the 
write and idle modes. In the read mode, the harmonic 
phase detector updates the PLL with each occurrence 
of a DLYD DATA pu Ise. In the write and idle modes, the 
non-harmonic phase detector is continuously enabled, 
thus maintaining both phase and frequency lock. By 
acquiring both phase and frequency lock to the input 
reference frequency and utilizing a zero phase restart 
technique, false lock to DLYD DATA is eliminated. 

The phase detector incorporates a charge pump in 
order to drive the loop filter directly. The polarity and 
width of the output current pulses correspond to the 
direction and magnitude of the phase error. 



The READ GATE (RG) and WRITE GATE (WG) inputs 
control the mode of the data/clock recovery section of 
the chip. 

RG is an asynchronous input and mayjDejnitiated or 
terminated at any position on the disk. WG is also an 
asynchronous input, but should not be terminated prior 
to the last output write data pulse. 

READ OPERATION 

The data synchronizer utilizes a fully integrated fast 
acquisition PLL to accurately develop the decode 
window. Read gate, RG, initiates the PLL locking 
sequence and selects the PLL reference input; a low 
level (read mode) selects the RD input and a high level 
selects the external reference clock. 

In the read mode the falling edge of DRD enables the 
phase detector while the rising edge is phase com pared 
tothe rising edge of VCO. As depicted in Figure 1 , DRD 
is a 1/3 cell wide (TVCO/2) pulse whose leading edge 
is defined by the leading edge of RD. A decode window 
is developed from the VCO clock. 

Shifting the symmetry of the VCO clock effectively 
shifts the relative position of the DRD pulse within the 
decode window. Decode window control is provided 
via the WS controls. 

In the non-read modes, the PLL is locked to the 
external reference clock. When the reference input to 
the PLL is switched, the VCO is stopped momentarily, 
then restarted in an accurate phase alignment with the 
next PLL reference input pulse, and the VCO clock 
divider is reset. 

ADDRESS MARK DETECT 

In soft sector read operation the circuit must first detect 
an address mark to be able to initiate the rest of the read 
lock sequence. An address mark consists of two sets 



7 "0", 7 "0", 1 1 "0", 1 1 "0" 



Gap 


Address 


3X 


VCO 


Bit 


Sync 


Encoded 


Mark 


"3T" 


Lock 


Sync 


Byte 


Data 



R(j Enable 



FIGURE 1: Disk Operation Lock Sequence in Read Mode Soft Sector Operation 
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of 7 "0" patterns followed by two sets of 1 1 "0" patterns. 
To begi n the re ad lock sequence the Address Mark 
Enable (AMEN) is a sserte d low by the controller. The 
address mark detect (AM D) circuit then initiates a search 
of the read data (RD) for an address mark. First the 
AMD looks for a set of 6 "0" s with in the 7 "0" patterns. 
Having detected a 6 "0" t he AM D then looks for a 9 "0" 
set within the 11 "0"s. If AMD does not detect 9 "0"s 
within 5 RD bits after detecting 6 "0"s it will restart the 
address mark d etect sequence and look for 6 "0"s. 
Wh en the AMD has acquired a 6 "0," 9 "0" sequence, 
the AMD transitions low. 

PREAMBLE SEARCH 

After the Address Mark (AM) has been detected, a 
Read Gate (RG) can be asserted low, initiating the 
remainder of the read lock sequence. When RG is 
asserted, an internal counter counts negative transitions 
of the incoming read data (RD) looking for 3 
consecutive 3T preambles. Once the counter reaches 
count 3 (finds 3 consecutive 3T preambles) the internal 
read gate enables, switching the phase detector from 
the ex terna l reference clock to the delayed read data 
input (DRD); at the same time a zero phase (internal) 
restart signal restarts the VCO in phase with the read 
reference clock. This prepares the VCO to be 
synchronized to data when the bit sync circuitry is 
enabled after VCO lock is established. 

VCO LOCK AND BIT SYNC ENABLE 

When the internal counter counts 16 more "3T" or a 
total of 19 negative transitions from RG enable, an 
internal VCO lock signal enables. The VCO lock signal 
activates the decoder bit synchronization circuitry to 
define the proper decode boundaries. Also, at count 
1 9, the RRC source switches from the external reference 
clock to VCO clock signal which is phase locked to 
DRD. The VCO is assumed locked at this point. A 
maximum of 2 RRC time periods may occur for the 



RRC transition, however, no short duration glitches will 
occur. Afterthe bit sync circuitry sets the properdecode 
window (VCO in sync with RRC and RRC in sync with 
the data) NRZ is enabled and data is toggled in to be 
decoded for the duration of the read gate. 

BYTE SYNC AND NRZ OUT 

As the data is decoded, it is compared to a Sync Byte 
that was loaded prior to the read operation. When a 
match is found, RCLK and NCLK are resynchronizedto 
the correct byte boundary. NRZ data then appe ars at 
the byte output beginning with the sync byte. The SBD 
output is also set low at this time. It remains low until the 
end of the read operation. A parity bit (NRZP) is also 
generated for each output byte (even parity). 

HARD SECTOR OPERATION 

In hard sector operation AMD remains inactive. A hard 
sector read operation does not require an address 
mark search but starts with a preamble search as with 
soft sector and sequences identically. In all respects, 
with exception to the address mark search sequence, 
hard sector read operation is the same as soft sector 
read. 

WRITE MODE 

In the write mode the circuit converts NRZ data from the 
controller into 1 , 7 RLL formatted data for storage on 
the disk. The circuit can operate with a soft or hard 
sector hard drive. 

In soft sector operation the circuit generates a 
"7, 7,11,11" address mark and a preamble pattern. In 
hard sector operation the circuit generates a 19 x "3T" 
preamble pattern but no preceding address mark. 

NRZ data is clocked into the circuit, serialized and 
latched on def ined cell boundaries. The NRZ input data 
must be synchronous with the rising edges of the 
WCLK. 




19"3T" 



3X 


VCO 


Bit 


Sync 


Encoded 


"3T" 


Lock 


Sync 


Byte 


Data 



RG Enable 



FIGURE 2: Disk Operation Lock Sequence in Read Mode Hard Sector Operation 
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WRITE MODE (Continued) 

Write precompensation circuitry is provided to 
compensate for media bit shift caused by intersymbol 
interference. The circuit recognizes specific write data 
patterns and can add or subtract delays in the time 
position of write data bits to counteract the read back 
bit shift. The magnitude of the time shift, TPC, is 
determined by an external resistor on the WCS pin. 

The circuit performs write precompensation according 
to the algorithm outlined in Table 3. 

SOFT SECTOR 

In soft sector operation, when read gate (RG) 
transitions high, VCO source and RRC source switch 
from RD and 2VCO/3, respectively, to the external 
reference clock. At the same time the VCO (internal) 
lock goes inactive but the VCO is locked to the external 
ref erence clock. After delay of 1 NRZ time period (min) 
from RG high, the write gate (WG) can be enabled low 
while NRZ is maintain ed (NR Z write data) low. The 
address mark enable (AMEN) is made active (low) a 
minimum of 1 NRZ time period later. The address mark 
(consisting of 7 "0"s, 7 "0"s, 11 "0"s, 11 "0"s) and the 
19 x "3T" preamble is then written by WD. While the 

PIN DESCRIPTION 



NAME 


TYPE 


DESCRIPTION 


VPA1 , VPA2 


I 


5 volt analog power supply pins 


VPD 


I 


5 volt digital power supply pin 


AGND 





Analog ground pin 


DGND 





Digital ground pin 


AMEN 


I 


ADDRESS MARK ENABLE: Used to enable the address mark detection and address 
mark generation circuitry. Active low TTL input levels. 


EPD 


I 


ENABLE PHASE DETECTOR: A low level (coast mode) disables the phase detector 
and enables the Test Mode. This opens the PLL and the VCO will run at the frequency 
commanded by the voltage on the VCO IN pin. (In the Test Mode, functions normally 
driven by the VCO are switched to XTAL.) Pin EPD has an internal pull-up resistor. TTL 
input levels. 


RD, RD 


I 


READ DATA: Encoded Read Data from the disk drive read channel. Differential +5 
volts offset ECL (PECL) input levels. 


RG 


I 


READ GATE: Selects the PLL reference input and initiates the PLL synchronization 
sequence. A low level selects the RD input and enables the read mode/address detect 
sequences. A high level selects the XTAL input. See Table 2, TTL input levels. 


SBL 


I 


SYNC BYTE LATCH CONTROL: Used to latch the Sync Byte reference value into the 
internal Sync Byte comparator. During idle mode, the Sync Byte latch is transparent 
while SBL is high. An active low level latches the input Sync Byte. The Sync Byte latch 
is kept in a hold state during non-idle modes, independent of the state of the SBL 
control. Pin SBL has an internal pull-up resistor. TTL input levels. 



preamble is being written, WCLK is clocking in an all "0" 
NRZ byte. The first non-zero NRZ byte input is assumed 
to be the sync byte. After a delay of 5 NRZ time periods, 
non-preamble data begins to toggle out WD. Finally, at 
the end of the write cycle, 2 bytes of blank NRZ time 
passes to insure the encoder is flushed of data; WG 
then goes high. WD stops toggling a maximum of 2 
NRZ time periods after WG goes high. 

As each NRZ byte is input for encoding, its parity is 
checked against the parity bit (NRZP). If a parity error 
is detected the PERR output flag is set high. It remains 
high until WG goes high. 

HARD SECTOR 

In hard sector operation, when read gate (RG) 
transitions high, VCO source and RRC switch 
references and VCO l ock (int ernal) goes inactive as 
with soft sector but the AMEN (address mark enable) 
is kept high. 

The circuit then sequences from RG disable to WG 
enable and NRZ active as in soft sector operation. 
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PIN DESCRIPTION (Continued) 



NAME 


TYPE 


DESCRIPTION 


WO, WT,~W2 


I 


WRITE/WINDOW CONTROL BITS: In Write Mode, pins WO and WT control the 
magnitude of the write precompensation (see Table 4). In Read Mode, pins WO and 

W1 W9 pnntml thp manniti iHp nf thp ri&f*ric\G \A/inHr»\A/ chift F-aph nin hac an internal ni ill- 

V V 1 , V»t \j\Jl III Ul 11 Its II IClVjl IllUVJe yJl 11 It/ UC/lA/Ue Wll IUUW Ol III I. LCtOI 1 pll 1 1 Ido dl 1 II llC 1 1 Idl JJUII 

up resistor. TTL input levels. 


WL 


I 


WRITF PRFOOMPFNSATION 1 ATCH CONTROI • UcpH tn latrh thp writp 
v v n i i i — in i v/v_/ ivi rtiiwn i ivy in i_aa i vy i i v/ win i n v/i_. uoeu iu idii/i 1 u ic wi uc 

precompensation control bits W0~ and WT into the internal DAC. The latch is 
transparent while WL is high. An active low level latches the input control bits. Pin WL 
has an internal pull-up resistor. TTL input levels. 


WCLK 


I 


WRITE CLOCK: Write mode byte clock. Must be synchronous with the Write Data NRZ 
input. For short cable delays, WCLK may be connected directly to pin RCLK. For long 
cable delays, WCLK should be connected to an RCLK return line matched to the NRZ 
data bus line delay. TTL input levels. 


WG 


| 


WRITE GATE: Enables the write mode. See Table 2. Active low TTL input levels. 


WSD 


I 


WINDOW SYMMETRY DIRECTION CONTROL: Controls the direction of the decode 
window shift. Each pin has an internal pull-up resistor. TTL input levels. 


WSL 


I 


WINDOW SYMMETRY LATCH CONTROL: Used to latch the window symmetry 
control bits WO , W1 , W2 and WSD into the internal DAC. The latch is transparent while 

VA/^nI ic hinh An aptiv/p Ii^\a/ IpvpI latohpc thp inm it or^ntrf^l Kite Pin \A/^I hac an intprnal 
VVOL lb 1 liyi 1. Ml 1 dUUVo IUW level IdlOl Ico II le II IjJUl OUIIUUI Ullb. r II 1 VvOL 1 Ido all II lltM 1 Idl 

pull-up resistor. TTL input levels. 


AMU 


u 


ADDRESS MARK DETECT: Tristate output pin that is in its high impedance state when 
WG is low or AMEN is high. When AMEN is low, this output indicates address mark 
search status. A latched low level output appears when an address mark has been 
detected. A high level on pin AMEN resets pin AMD. TTL output levels. 


DRD 





DELAYED READ DATA: An open emitter ECL output test point. The positive edges of 
this signal indicate the data bit position. The positive edges of the DRD and VCO_REF 
outputs can be used to estimate window centering. The time jitter of DRD's positive 
edge is an indication of media bit jitter. Two external resistors are required to use this 
pin. They should be removed during normal operation to reduce power dissipation. 


NCLK 





NIBBLE CLOCK: A half-byte clock synchronized to RCLK. It runs at twice the RCLK 
frequency. TTL output levels. 


PERR 





PARITY ERROR FLAG: Active during write mode and during Sync Byte loading. When 
WG is low, the contents of the N RZ write data input register is examined and compared 
with the NRZP write data parity bit. Even parity is assumed. For example, PERR 
becomes active when NRZ7-0 and NRZP are all high. Parity checking js performed 
after each WCLK load operation. If the input data contains a parity error, or if the WCLK 
timing causes the input register to contain a parity error, an internal write parity error 
flag is set. If a parity error occurs during a write operation, the Write Data encoding will 
continue to function normally. This error flag is reset low when WG goes high. 
Independent of WG, a separate circuit monitors the Sync Byte. Each time SBL 
transitions from high to low, the contents of the Sync Byte latch is compared with the 
NRZP data parity bit. If a parity error exists, an internal Sync Byte parity error flag is 
set. This flag is reset low when SBL goes high. The PERR output displays the write 
parity flag condition when WG is low. When WG is high, PERR outputs the state of the 
Sync Byte parity error flag. TTL output levels. 
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PIN DESCRIPTION (Continued) 



NAME 


TYPE 


DESCRIPTION 


RCLK 





READ CLOCK: A multiplexed byte clock source used by the controller, see Table 2. 
During a mode change, no glitches are generated and no more than one lost clock 
pulse will occur. When RG goes low, RCLK initially remains synchronized to XTAL/12. 
When the Sync Byte is detected, RCLK is synchronized to the Read Data. When RG 
goes high, RCLK is synchronized back to the XTAL/12. TTL output levels. 


con 
obU 


V 


oynu dY i b ut i ho i . a 1 1 L output tnat transitions low upon detecting a oync Byte. 
This transition is synchronized to the first NRZ byte out following the sync byte. Once 
it transitions, SBD remains low until RG is raised, when it is returned to a high state. 


VCO REF 





VCO REFERENCE: An open emitter ECL output test point. This is the VCO reference 
input to the phase detector. The positive edges are phase locked to Delayed Read 
Data. The negative edges of this open emitter output signal indicate the edges of the 
decode window. Two external resistors are required to use this pin. They should be 
removed during normal operation to reduce power dissipation. 


WD, WD 





WRITE DATA: Encoded write data flip-flop output. The data is automatically 
resynchronized (independent of the delay between RCLK and WCLK) to the XTAL 
reference clock. Differential +5 volts offset ECL (PECL) output levels. 


NRZO-7 


I/O 


NRZ DATA PORT: Read data output when RG is low, write data input when WG is low, 
and Sync Byte input when both RG and WG are high. TTL input and output levels. 


NRZP 


I/O 


NRZ DATA PARITY BIT: Generated read data parity bit output when RG is low, write 
data parity bit input when WG is low, and Sync Byte parity bit input when both RG and 
WG are high. In read mode, even parity is generated. For example, when NRZ7-0 are 
all high, NRZP will be set low. TTL input and output levels. 


ANALOG PINS 


IREF 


I 


CURRENT REFERENCE INPUT: The VCO center frequency, the 1/3 cell delay, and 
the phase detector gain are a function of the current sourced into this pin. 


PD OUT 


I/O 


PHASE DETECTOR OUTPUT: Drives the loop filter input. 


RS 


I 


WINDOW SYMMETRY ADJUST PIN : This pin allows analog adjustment of the decode 
window shift magnitude. Used in conjunction with the digital controls WO and W1 , W2 
this pin can be used to scale the magnitude of the preset window shift. Connect resistor 
toVPA. 


VCO IN 


I/O 


VCO CONTROL INPUT: Driven by the loop filter output. 


WCS 


I 


WRITE PRECOMPENSATION SET: Pin for the reference current to set the write 
precompensation magnitude value. 


XTAL1 , 2 


I 


REFERENCE FREQUENCY INPUT: The pin frequency is at one and one-half times 
the data rate. If a crystal oscillator is used, an AC coupled parallel LC circuit must be 
connected from XTAL1 to ground. The crystal is connected between XTAL1 and 
XTAL2. If a crystal oscillator is not desired, XTAL1 may be driven either by a direct 
coupled TTL signal or by an AC coupled ECL signal, with XTAL2 open. 
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ELECTRICAL SPECIFICATIONS 

Unless otherwise specified, 4.75V < VPA/VPD < 5.25V, °C < T(ambient) < 70 °C, 25 °C < T(junction) < 135 °C. 
Currents flowing into the chip are positive. Current maximums are currents with the highest absolute value. 



ABSOLUTE MAXIMUM RATINGS 

Operation above maximum ratings may damage the device 



PARAMETER 


RATING 


UNIT 


Supply Voltage, VPA1 , VPA2, VPD 


-0.3 to 6 


V 


Storage Temperature 


-65 to 150 


°c 


Lead Temperature (Soldering 10 sec.) 


260 


°c 


NRZO - NRZ7, RCLK, NCLK, WDT, W5T, 
AMFND, SBFND, VCOREF, DRD Pins 


-0.3 to (VPA/VPD+0.3), 
or +12 


V 

mA 


All other pins 


-0.3 to (VPA/VPD+0.3) 


V 



POWER SUPPLY CURRENTS AND POWER 



PARAMETER 


CONDITION 


MIN 


TYP 


MAX 


UNITS 


ICC (VPA, VPD) 
Supply Current 


Outputs and test point pins open, 
Ta = 70 °C 




200 


230 


mA 


PWR 

Power Dissipation 


Outputs and test point pins open, 
Ta = 70 °C 




1.0 


1.2 


W 



DIGITAL INPUTS AND OUTPUTS 



TTL Compatible Inputs: AMENB, EPD, NRZ0-NRZ7 (bid.), NRZP (bid.), RG, SBL, W0 , W1 , W2, WL, WCLK, 
WG, WSD, WSL Pins 



PARAMETER 


CONDITION 


MIN 


TYP 


MAX 


UNITS 


Input Low Voltage (VIL) 




-0.3 




0.8 


V 


Input High Voltage (VIH) 




2.0 




VPD+0.3 


V 


Input Low Current 


VIL = 0.4 V 


0.0 




-0.4 


mA 


Input High Current 


VIH = 2.4 V 






100 


MA 



Note: "bid." means bi-directional 
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TTL Compatible Outputs AMD, NCLK, NRZ0-NRZ7 (bid.), NRZP (bid.), PERR, RCLK, SBD Pins 



PARAMETER 


CONDITION 


MIN 


TYP 


MAX 


UNITS 


Output Low Voltage 


lol = 4.0 mA 






0.5 


V 


Output High Voltage 


loh = -400 uA 


2.4 






V 


Digital Differential Inputs: RD, RD Pins 


Input Low Voltage (VIL) 




VPA-2.2 




VIH-0.5 


V 


Input High Voltage (VIH) 




VIL+0.5 




VPA-0.5 


V 


Differential Voltage 


|Vrd - VHB| 


0.5 






V 


Input Low Current 


VIL = Min 


-100 






uA 


Input High Current 


VIH = Max 






+100 


uA 


Digital Differential Outputs: WD, WD Pins 


Output Low Voltage 


lol = TBD 


VPD-2.1 






V 


Output High Voltage 


loh = TBD 






VPD-0.7 


V 


Differential Voltage 


|Vwd - VWd| 


0.5 






V 


Test Point Output Levels 


Test Point Output 
High Level 
DRD, VCO REF 


262Q to VPA, 
402&toGND 
VPA = 5V 




VPA 
-0.85 




V 


Test Point Output 
Low Level 
DRD, VCO REF 


262Q to VPA, 
402Q to GND 
VPA = 5V 




VPA 
-1.75 




V 


DYNAMIC CHARACTERISTICS AND TIMING 
READ MODE 


PARAMETER 


CONDITION 


MIN 


TYP 


MAX 


UNITS 


Read Data Pulse Width (TPRD) 




10 




(2)TVCO-10 


ns 


Read Data Rise Time (TRRD) 


20% to 80%, CL<10pF 






5 


ns 


Read Data Fall Time (TFRD) 


80% to 20%, CL<10pF 






5 


ns 


Read Clock Rise Time (TRRC) 


0.8V to 2.0V, CL<15pF 






10 


ns 


Read Clock Fall Time (TFRC) 


2.0V to 0.8V,CL<15pF 






8 


ns 


NCLK Rise Time (TRNC) 


0.8V to 2.0V, CL<15pF 






10 


ns 


NCLK Fall Time (TFNC) 


2.0V to 0.8V, CL<15pF 






8 


ns 


NRZ (out) Set Up & 
Hold Time (TDS, TDH) 




30 






ns 


SBD Set up & Hold Time 
(TSBS, TSBH) 




30 






ns 
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READ MODE (Continued) 



PARAMETER 


CONDITION 


MIN 


TYP 


MAX 


UNITS 


RCLK Pulse Width (TRD) 


VCO re-sync 


0.4 TORC 




1 .25 TORC 


ns 


BYTE re-sync 


0.4 TORC 




1.6 TORC 


ns 


RCLK Duty Cycle 




40 




60** 


% 


NCLK Pulse Width (TQD) 


Except during re-sync 


(TORC/4)-5 




(TORC/4)+5 


ns 


NCLK Pulse Width (TQD) 


During re-sync 


TORC/4-5 




3TORC/4+5 


ns 


NCLK Skew (TQS) 




-20 




20 


ns 


RCLK Resync Period (Tdc2) 




TORC 




(2)TORC 


ns 


NCLK Resync Period (Tdd) 




TORC/2 




TORC 


ns 


Decode Window Centering 
Accuracy 








±0.75 


ns 


Decode Window 




TVCO -0.75 






ns 



** Except during re-sync 



WRITE MODE 



Write Data Rise Time (TRWD) 


20% to 80% Points 
HOatoVPD, 160QtoDGND 






5 


ns 


Write Data Fall Time (TFWD) 


80% to 20% Points 
HOQtoVPD, 160QtoDGND 






5 


ns 


Write Data Clock Rise Time 
(TRWC) 


0.8V to 2.0V, 
CL<15pF 






10 


ns 


Write Data Clock Fall Time 
(TFWC) 


2.0V to 0.8V, 
CL<15pF 






8 


ns 


NRZ Set Up Time (TSNRZ) 




20 






ns 


NRZ Hold Time (THNRZ) 




20 






ns 


Precompensation Time Shift 
Magnitude Accuracy (TPC) 


TPCO = 0.22 (Rc + 0.53) 
Rc min=1 KQ, Rc max=0.3TXTAL 
W0 =1 WT=1 


-0.5 




0.5 


ns 


W0=0 WT=1 


0.8 TPCO 




1.2 TPCO 


ns 


WO =1 WT=o 


2 (0.8 TPCO) 




2(1.2 TPCO) 


ns 


wo=o WT=o 


3 (0.8 TPCO) 




3 (1.2 TPCO) 


ns 


DATA SYNCHRONIZATION 


VCO Center Frequency 
Period (TVCO) 


VCO IN=2.7V,VPA=VPD=5V 

TO=3.6(RR+1.7), 

RR=(185/DR)-1.7K 


0.8TO 




1.2TO 


ns 


VCO Frequency 
Dynamic Range 


1.0 V< VCO IN 

< VPA - 0.6V 
VPA=VPD = 5 V 


±25 




±45 


% 


VCO Control Gain (KVCO) 


coo = 2te/TVCO 
1.0 V< VCO IN 
< VPA - 0.6V 


0.14(00 




0.26 coo 


rad/s V 
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DATA 'SYNCHRONIZATION (Continued) 



PARAMETER 


CONDITION 


MIN 


TYP 


MAX 


UNITS 


Phase Detector Gain (KD) 


VPA=VPD=5V 

Read: KD=750/(RR + 0.53) 

Non-Read: KD=375/(RR + 0.53) 


0.83KD 




1.17KD 


MA/rad 


KVCO x KD Product Accuracy 




-28 




+28 


% 


VCO Phase Restart Error 


Referred to RRC 


-1 




+1 


rad 


1/3 Cell Delay 


VCC = 5.0V 

TD=1.8(RR + 1.7);RR = kQ 


0.8TD 




1.2TD 


ns 



CONTROL TIMING 



WO , W1 , WSD Set Up and 
Hold Time (TSWC, THWC) 




20 






ns 


WL, WSL Pulse Width (TWL) 




50 






ns 


Sync Byte NRZ Set Up and 
Hold Time (TSSB, THSB) 




20 






ns 


SBL Pulse Width (TSB) 




50 






ns 


Sync Byte Parity Error 
Output Delay (TDSE) 









50 


ns 


Sync Byte Parity Error 
Reset Delay (TSER) 









50 


ns 



MODE CONTROL 



li 


g 


AMENB J 


I— I 

00 

|co 


Modes 


1 


1 


1 


1 


Idle Idle mode. VCO locked to external XTAL reference. Byte clock and 4-bit clock 
(SB Enable) synchronizedtoXTAL.NRZ0-NRZ7tri-stated.AMDhigh.SBIatchtransparent. 


1 


1 


1 





SB Load SB latch in a hold state. Other conditions same as idle mode. 


1 


1 





X 


AM Search Read mode Address Mark search. VCO locked to external XTAL reference. 

Byte clock and 4-bit clock synchronized to XTAL. NRZ0-NRZ7 tri-stated. AMD 
active. 


1 





1 


X 


Read Data Read mode preamble search and data acquisition. VCO switched from XTAL 
to RD after preamble lock. Byte clock and 4-bit clock synchronized to RD after 
Sync Byte found. NRZ0-NRZ7 active. SBD active. 


1 








X 


Undefined Illegal state. 





1 





X 


Write AM Write mode Address Mark insertion. VCO locked to external XTAL reference. 

Byte clock and 4-bit clock synchronized to XTAL. WD, WD active. NRZ0-NRZ7 
tri-stated. AMD high. 





1 


1 


X 


Write Data Write mode preamble insertion and data write. VCO locked to external XTAL 
reference. Byte clock and 4-bit clock synchronized to XTAL. WD, WD active. 
NRZ0-NRZ7 tri-stated. AMD high. 








1 


X 


Undefined Illegal state. 











X 


Undefined Illegal state. 
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WRITE PRECOMP CONTROL 



WL - Write precomp latch control 


W1 , WO - Write precomp magnitude control bits 


-> Write precomp control latches in hold state 


00 -> 3x (maximum) shift 


1 -> Write precomp control latches in transparent state 


01 ->2x shift 




10 -> 1x shift 




11 -> No shift 



WINDOW SHIFT CONTROL 



WSL - Window shift latch control 

-> Window shift control latches in hold state 

1 -> Window shift control latches in transparent state 

WSD - Window shift direction control 

Early window (+TS) 

1 -> Late window (-TS) 



WINDOW SHIFT MAGNITUDE CONTROL BITS 




W2 


WT 


wo 


TSO (decode window %) 


1 


1 


1 


No shift 


1 


1 





4% Minimum shift 


1 





1 


8% 


1 








12% 





1 


1 


15% 





1 





18% 








1 


20% 











22% Maximum shift 



Window shift with RRS used: 


(2KQ<RRS<16KQ) 


TS = TSof RRS ) 


TSO = Window shift set by WO - WT with no. RRS 


l,RRS + 0.8j 





1, 7 RLL Data | 

m — 



i r 



1/3 Cell 



vc °n i i i i__r^_ 

Decode Window H H 

Phase Detect 
Enable (Internal) 

RRC (Internal) 
NRZ Bit Cell 

FIGURE 3: Data Synchronization Waveforms 



~l I L I L 

u H 
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NRZ Data ^ ^ 


( di X 02 ) 


< » X « X 








1,7 Code Y2 ^ Y3 ^ 


(yi X Y2 X Y3 ) 


( X 


Previous 
Code Word 
Last Bit 


-« One Word Bit ► 


Next 

Code Word 
First Bit 



FIGURE 4: NRZ Data Word Comparison to 1, 7 Code Word Bit 

(See Table 1 for Decode Scheme) 



TABLE 1: 1 , 7 RLL Code Set 



TABLE 3: Write Precompensation Algorithm 



Previous 
Code Word 
Last Bits 


Data Bits 
Present Next 


Code Bits 


X 





1 








X 


1 





1 


X 





1 





1 


X 





1 





X 





1 


1 











1 





X 





1 


1 


* 


* 


1 








1 














X 








1 


1 











1 


X 




















1 





X 








1 











1 


1 


X 











X 


1 











X 








1 


X 


1 








1 


X 





1 





X 


1 





1 











1 





X 


1 





1 


* 


* 











Y2' 


Y3 


D1 


D2 


D3 


D4 


Y1 


Y2 


Y3 


X = Don't Care; 
* = Not All Zeros 



TABLE 2: Clock Frequency 





RG 


VCO REF 


RCLK 


DECCLK 


ENCCLK 


MODE 


1 


1 


XTAL 


XTAI712 


XTAL 


XTAL 


IDLE 


1 





RD 


VCO/1 2 


VCO 


XTAL 


READ 





1 


XTAL 


XTAL/1 2 


XTAL 


XTAL 


WRITE 


Notes 1 : Until the VCO locks to the new source, 








the VCO entries will be XTAL. 










1: Until the VCO locks to the new source, 








the VCO/1 2 entries will be XTAL/1 2. 






3: WS=R3 


= is undefined. 







Bit 


Bit 


Bit 


Bit 


Bit 


Compensation 


n-2 


n-1 


n 


n+1 


n+2 


Bitn 


1 





1 





1 


None 








1 








None 


1 





1 








Early 








1 





1 


Late 



Notes Late: Bit n is time shifted (delayed) from its normal 
time position towards the Bit n+1 time position. 
Early: Bit n is time shifted (advanced) from its normal 
time position towards the Bit n-1 time position. 



TABLE 4: Write Precompensation Magnitude 



WC1 


WCO 


Magnitude, TPC 








3 (TPCO) 





1 


2 (TPCO) 


1 





TPCO 


1 


1 





The normal magnitude TPCO is externally set with 
a resistor on pin WCS. 
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U TPRD — +\ TFRD— *•! U- -*\ U-T 



RCLK 



NRZO-7 
NRZP 



TQS 
-TRD- 



T Q- 5V J f' 



tfrc-h K- -H h-T 



5V^ ^ (SB) ^^- 5V ( DT °) 
|^-TDS » U TDH-*J 



FIGURE 5: Read Timing 



NRZO-7 
NRZP 



-A IV- 

TFWC 



1.5V 

thnrz 



WD 



|*— TWD— J( TFWD-*- 



3& 



FIGURE 6: Write Timing 



NRZO-7 
NRZP 



SBL 1.5^ 



L-TSSB-**W-THSB 
|*_TSB- »|« -TSB 



|* TDSE — 



wo.WT ' 

W2, WSD 



WL 

WSL 1-5V 



[*— TSWC — g| 
|* TWL 



THWC 
TWL 



FIGURE 7: Control Timing 
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Preamble 

7"0" 7*0" 11-0" 11 "0" "3T"Patterns 

m U U U 



U innnnnr 

1 0000000 1 0000000 1 00000000000 1 00000000000 1 00 1 00 1 00 1 00 1 00 1 



AMEN 



JM5 
Tristate - 



Case 1 



1 Zero Timing Minimum - 



6 "0" Detect 9 "0" Detect 
Bistable 



- 1 Encoded Data Time Max Delay 



- Tristate - 



AMEN 



AMD 
Tristate - 



Mm 



Case 2 



1 Zero Timing Minimum - 



6 "0" Detect 9 "0" Detect 



-Bistable 



Case 3 



6 "0" Detect 



9 "0" Detect 



- 1 Encoded Data 
Time Max Delay 



- Tristate - 



If 5 bits of TO are detected after 6 "0" are found and 
before 9 "0" are found then restart and look for 6 "0" 



RD " 



TTTTT 



4 4 4 4 4 

CT1 CT2 CT3 CT4 CT5 



6 "0" 



| — ►Restart 



FIGURE 8: Address Mark Search 
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RG (internal) 



^"innr 



00 1 00 1 00 1 00 



Zero Phase 
Restart (internal) 



JT 



JT 



VCO Lock (internal) 



XXX XX XXX XX~ 



-H Max 2 K- 

' RRC 1 
Periods 



-H Max 2 h- 

1 RRC 1 
Periods 



-H Max 2 K- 
RRC 1 
Periods 



/XXXX- 



XTAL Clock I VCO Clock 



Phase Detector Source XTAL Clock | y C Clock 



Internal Counter 



i ' — r 



FIGURE 9: Read Mode Locking Sequence (Soft and Hard Sector) 
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j DTP | DTI j DT2 
\- Td4 H Td4- 12 14 NRZ 



«» jnjnjnj~urjiJXjnjnjnj~Lri 

[*TDC1*j 




FIGURE 10: Read Mode NRZ Data Timing 



5 ~L 



(internal) 



WG |~ 



ATflETJ 



1 NRZ Min 
'27 NRZ Max 



Timing between AMEN and start 

of NRZ timing must meet time 

^ requirements of Write Data 



n r 



ud — Dim 



i r 



mm 



"i 



urr 



i_ 



WG 



FIGURE 1 1 : Multiple Address Mark Write 



4-34 



SSI 32D539 
Data Synchronizer 
&1,7RLL ENDEC 



Mr 11 




WE 



Max o! 3 x 3T (1 , 7) delay to 
sync WAM to internal state 



Max of 5 NRZ delay 
1 1 



T 



5 NRZ pad to 
flush encoder 



\+ Address U 



VCO Lock ■ 
(internal) 



VCO RT) 
Source 



RRC 2VCO/3 , 



FIGURE 12: Write Data 
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I \* TDC2 *| 

luiRr~LJ^arLJiJiJij^^ 



NRZO-7, 
NRZP 



|*TDC1*| 



Td5 . 1 NRZ Min 



167 m 12-14 NRZ 



Td1 0-1 NRZ Min 



Td9- 14NRZ Min 



-*| |*-Td8-2NRZMax 



| "OOr \ SB | DTP | DT1 | DT2 | -001" | 



FIGURE 13: Write Mode NRZ Timing 



/- 



SB7 



NRZ 

7 



SB6 



NRZ 
6 



SB5 



NRZ 
5 



SB4 



NRZ 
4 



SB3 



NRZ 
3 



SB2 



NRZ 
2 



SB1 



NRZ 
1 



SBO 



NRZ 




DT7 



NRZ 
7 



DT6 



NRZ 
6 



DT5 



NRZ 
5 



DT4 



NRZ 
4 



DT3 



NRZ 
3 



DT2 



NRZ 
2 



DT1 



NRZ 
1 



DTO 



NRZ 




DT7 



NRZ 
7 



DT6 



NRZ 
6 



DT5 



NRZ 
5 



DT4 



NRZ 
4 



DT3 



NRZ 

3 



DT2 



NRZ 
2 



DT1 



NRZ 
1 



DTO 



NRZ 




-Sync Byte- 



Data 

- Read/Write Direction ' 



-Datal- 



FIGURE 14: Parallel/Serial Conversion Format 
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PACKAGE PIN DESIGNATIONS 

(Top View) 



CAUTION: Use handling procedures necessary 
for a static sensitive component. 



is i is n 

nnnnnnnnnnn 



> <E 



NRZ7 CZ 
NRZ6 d 
NRZ5 tZ 
NRZ4 d 
NRZ3 C 
NRZ2 CZ 
NRZ1 CZ 
NRZO CZ 
NRZPCZ 
PERR CZ 
3B0CZ 



5 4 3 2 1 44 43 42 41 40 



18 19 20 21 22 23 24 25 26 27 28 



39 Z] DRD" 
38 Z] VCO REF 
37 Z] PD OUT 
36 ZD VCO IN 
35 ZD VPA1 
34 ZD WL 
33 ZD WSL 
32 ZD RS 
31 ZD WSD 
30 ZD WO 
29 ZD WT 



uuuuuuuuuuu 



Q Q 

9- Z 



> § s 



3 I] 



0) 



ORDERING INFORMATION 



PART DESCRIPTION 


ORDER NO. 


PKG. MARK 


SSI 32D539 


44-Pin PLCC 


32D539-CH 


32D539-CH 



Preliminary Data: Indicates a product not completely released to production. The specifications are based on preliminary evaluations 
and are not guaranteed. Small quantities are available, and Silicon Systems should be consulted for current information. 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other 
rights of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. 
Silicon Systems reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to 
verify that the data sheet is current before placing orders. 
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Advance Information 



DESCRIPTION 

The SSI 32D5391 is intended to be used as a data/ 
clock recovery circuit for 1, 7 RLL code in high 
performance hard disk drive systems with a +5V supply. 

FEATURES 

• Data synchronizer and 1 , 7 RLL ENDEC 

• Up to 40 Mbit/s operation 

- Data rate programmed with a single external 
resistor or current source 

• Direct write capability 

• Fast acquisition phase locked loop with zero 
phase restart technique 



December 1992 

Fully integrated data separator 

- No external delay lines or active devices 
required 

Programmable decode window symmetry 
control 

- Includes delayed read data and VCO clock 
monitor points 

Programmable write precompensation 

Hard and soft sector operation 

Uses standard 5V ± 5% supply 

44-pin PLCC package 



BLOCK DIAGRAM 



Analog Digital 



1292 -rev. 
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PIN DEFINITION 
INPUT PINS 



NAME 


TYPE 


~ DESCRIPTION 


VPA1 , VPA2 


I 


5 volt analog power supply pins. 


VPD 


I 


5 volt digital power supply pin. 


AMEN 


I 


ADDRESS MARK ENABLE: Used to enable the address mark detection and address 
mark generation circuitry. Active low TTL input levels. 


DW 


I 


DIRECT WRITE ENABLE: Use to enable the direct write mode. A high level allows 
normal write operation. A low level enables the encoder bypass mode. In this bypass 
mode, each falling edge of WDNRZ will directly clock the WD flip-flop when wg is low. 
Pin DW has an internal pull up resistor. TTL input levels. 


EPD 


I 


ENABLE PHASE DETECTOR: A low level (coast mode) disables the phase detector 
and enables the Test Mode. This opens the PLL and the VCO will run at the frequency 
commanded by the voltage on the VCOJN pin. (In the Test Mode, functions normally 
driven by the VCO are switched to XTAL.) Pin EPD has an internal pull-up resistor. TTL 
input levels. 


FREF 


I 


REFERENCE FREQUENCY INPUT: The pin frequency is at one and one-half times 
the data rate. FREF may be driven either by an AC coupled suitably attenuated TTL 
signal or by an AC coupled ECL signal. 


RD, RD 


I 


READ DATA: Encoded Read Data from the disk drive read channel. Differential 
pseudo ECL (PECL) input levels. 


RG 


| 


READ GATE: Selects the PLL reference input and initiates the PLL synchronization 
sequence. A low level selects the RD input and enables the read mode/address detect 
sequences. A high level selects the XTAL input. See Table 2, TTL input levels. 


WO, WT,"W2 


I 


WINDOW SHIFT CONTROL BITS: In Read Mode, pins W, WT and ~W2 control the 
magnitude of the decode window shift. Each pin has an internal pull-up resistor. TTL 
input levels. 


WSD 


I 


WINDOW SYMMETRY DIRECTION CONTROL: Controls the direction of the decode 
window shift. The pin has an internal pull-up resistor. TTL input levels. 


WCLK 


I 


WRITE CLOCK: Write mode clock. Must be synchronous with the WDNRZ input. For 
short cable delays, WCLK may be connected directly to pin RRC. For long cable 
delays, WCLK should be connected to an RRC return line matched to the WDNRZ data 
line delay. TTL input levels. 


WDNRZ 


I 


NRZ WRITE DATA INPUT PIN: This pin can be connected to the NRZ pin to form a 
bidirectional data port. Pin WDNRZ has an internal pull up resistor. TTL input levels. 


WPO, WP1 


I 


WRITE PRECOMPENSATION CONTROL BITS: In Write Mode, pins WPO and WP1 
control the magnitude of the write precompensation. Each pin has an internal pull up 
resistor. TTL input levels. 


WG 


I 


WRITE GATE: Enables the write mode. Active low TTL input levels. 
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PIN DEFINITION (continued) 
OUTPUT PINS 



NAME 


TYPE 


DESCRIPTION 


AGND 





Analog ground pin 


DGND 





Digital ground pin 


AMD 





ADDRESS MARK DETECT: Tristate output pin that is in its high impedance state when 
WG is low or AMENB is high. When AMENB is low, this output indicates address mark 
search status. A latched low level output appears when an address mark has been 
detected. A high level on pin AMENB resets pin AMD. TTL output levels. 


DRD 





DELAYED READ DATA: An open emitter ECL output test point. The positive edges of 
this signal indicate the data bit position. The positive edges of the DRD and VCO_REF 
outputs can be used to estimate window centering. The time jitter of DRD's positive 
edge is an indication of media bit jitter. Two external resistors are required to use this 
pin. They should be removed during normal operation to reduce power dissipation. 


FOEN 





REFERENCE CLOCK ENABLE: When this output is high, the FREF clock is controlling 
the internal timing. When this output is low, the FREF clock is internally disabled. The 
output from pin FOEN can be used to disable the clock applied to the FREF pin to 
reduce VCO jitter during read modes. TTL output levels. 


NRZ 





NRZ READ DATA OUTPUT: Tristate output pin that is enabled when read gate is 
active. This pin can be connected to the WDNRZ pin to form a bidirectional data port. 
TTL output levels. 


RRC 





READ CLOCK: A multiplexed bit clock source used by the controller, see Table 2. 
During a mode change, no glitches are generated and no more than one lost clock 
pulse will occur. When RG goes low, RRC initially remains synchronized to 2FREF/3. 
After 1 9 read data pulses, RRC is synchronized to the Read Data. When RG goes high, 
RRC is synchronized back to 2FREF/3. TTL output levels. 


VCO REF 





VCO REFERENCE: An open emitter ECL output test point. This is the VCO reference 
input to the phase detector. The positive edges are phase locked to Delayed Read 
Data. The negative edges of this open emitter output signal indicate the edges of the 
decode window. Two external resistors are required to use this pin. They should be 
removed during normal operation to reduce power dissipation. 


WD, WD 





WRITE DATA: Encoded write data flip-flop output. The data is automatically 
resynchronized (independent of the delay between RRC and WCLK) to the FREF 
reference clock. Differential ECL output levels. 
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PIN DEFINITION (Continued) 
ANALOG PINS 



NAME 


TYPE 


DESCRIPTION 


IREF 


I 


CURRENT REFERENCE INPUT: The VCO center frequency, the 1/3 cell delay, and 
the phase detector gain are a function of the current sourced into this pin. 


PD OUT 


I/O 


PHASE DETECTOR OUTPUT: Drives the loop filter input. 


RS 


I 


WINDOW SYMMETRY ADJUST PIN: A resistor connected between this pin and VPA 
allows analog adjustment of the decode window shift magnitude. Used in conjunction 
with the digital controls WO , W1 and W2, this pin can be used to scale the magnitude 
of the preset window shift. Connect resistor to VPA. 


VCO IN 


I/O 


VCO CONTROL INPUT: Driven by the loop filter output. 


WCS 


I 


WRITE PRECOMPENSATION SET: Pin for the reference current to set the write 
precompensation magnitude value. 



ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 

Operation above maximum ratings may damage the device 



PARAMETER 


RATING 


Positive 5.0V Supply Voltage, 
VPA1 , VPA2, VPD 


6V 


Storage Temperature 


-65to150°C 


Lead Temperature (Soldering 1 sec.) 


260°C 


FOEN, NRZ, RRC, WD, WD, AMD, VCOREF, DRD Pins 


0.3V to VPA/VPD+0.3 or +12 mA 


All other pins 


-0.3V to VPA/VPD+0.3 
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PACKAGE PIN DESIGNATIONS 

(Top View) 



CAUTION: Use handling procedures necessary 
for a static sensitive component. 



B S I I s B I i i S 1 

n r~inr~inr~ir~ir~irnf~irn 
6 5 4 3 2 1 44 43 42 41 40 



N/C[ 


7 


O 


39 


]N/C 


WCLK[ 


8 




38 




WDNRZ [ 


9 




37 


] VCO REF 


BW[ 


10 




36 


] PD OUT 


N/C[ 


11 




35 


] VCO IN 


N/C[ 


12 




34 


] VPA1 


WD[ 


13 




33 


]WPT 


WE[ 


14 




32 


]WPo 


VPD[ 


15 




31 


] RS 


DGND [ 


16 




30 


] WSD 


N/C[ 


17 




29 


]N/C 




18 19 20 21 


22 23 24 


25 26 27 28 J 



N o Z 
oc i QJ 
z cc O 



u u u u 

H i I i * H 



44-Pin PLCC 



Advance Information: Indicates a product still in the design cycle, and any specifications are based on design goals only. Do not use for final 
design. 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights of third 
parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems reserves 
the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data sheet is current 
before placing orders. 
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DESCRIPTION 

The SSI 32D5392 Data Synchronizer/1 , 7 RLL ENDEC 
provides data recovery and data encoding for storage 
systems which employ a 1, 7 RLL encoding format. 
Data synchronization is performed with a fully inte- 
grated high performance PLL. A zero phase restart 
technique is used to minimize PLL acquisition time. 
The VCO frequency setting elements are incorporated 
within the SSI 32D5392 for enhanced performance 
and reduced board space. Data rate is established 
with a single external programming resistor. The SSI 
32D5392 utilizes an advanced bipolar process tech- 
nology which affords precise decode window control 
without the requirement of external devices. The SSI 
32D5392 requires a single +5V supply. 
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Advance Information 



February 1992 



FEATURES 



Data synchronizer and 1,7 RLL ENDEC 

Dual bit NRZ bus 

24 to 48 Mbit/s operation 

- Data rate programmed with a single 
external resistor or current source 

Fast acquisition phase locked loop with 
improved zero phase restart technique 
Fully integrated data separator 

- No external delay lines or active devices 
required 

Programmable decode window symmetry 
control 

- Includes delayed read data and VCO clock 
monitor points 

Programmable write precompensation 
Hard and soft sector operation 
Uses standard 5V ± 5% supply 




BLOCK DIAGRAM 
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OPERATION 

DATA/CLOCK RECOVERY CIRCUIT 

The circuit is designed to perform data recovery and 
data encoding in rotating memory systems which utilize 
a 1 , 7 RLL encoding format. In the read mode the circuit 
performs data synchronization, sync field search and 
detect, address mark detect, and data decoding. In the 
write mode, the circuit converts NRZ data into the 1 , 7 
RLL format described in Table 1, performs write 
precompensation, generates the preamble field and 
inserts address marks as requested. 

This data rate is established by a single 1% external 
resistor, RR, connected from the IREFpinto VPA. This 
resistor establishes a reference current which sets the 
VCO center frequency, the phase detector gain, and 
the 1/3 cell delay. The value of this resistor is given by: 
RR = (185/DR)- 1.7 kQ 

Where: DR = data rate in Mbit/s 

Alternately, the IREF pin can be driven from the SSI 
32D4661 in a constant density recording application. 

The circuit employs a dual mode phase detector; har- 
monic in the read mode and non-harmonic in the write 
and idle modes. In the read mode, the harmonic phase 
detector updates the PLL with each occurrence of a 
DLYD DATA pulse. In the write and idle modes, the 
non-harmonic phase detector is continuously enabled, 
thus maintaining both phase and frequency lock. By 
acquiring both phase and frequency lock to the input 
reference frequency and utilizing a zero phase restart 
technique, false lock to DLYD DATA is eliminated. 

The phase detector incorporates a charge pump in 
order to drive the loop filter directly. The polarity and 
width of the output current pulses correspond to the 
direction and magnitude of the phase error. 

The READ GATE (RG) and WRITE GATE (WG) inputs 
control the mode of the data/clock recovery section of 
the chip. 

RG is an asynchronous input and may_be_initiated or 
terminated at any position on the disk. WG is also an 
asynchronous input, but should not be terminated prior 
to the last output write data pulse. 

READ OPERATION 

The data synchronizer utilizes a fully integrated fast 
acquisition PLL to accurately develop the decode 
window. Read Gate, RG, initiates the PLL locking 



sequence and selects the PLL reference input; a low 
level (Read Mode) selects the RD input and a high level 
selects the external reference clock. 

In the read mode the falling edge of DRD enables the 
phase detector while the rising edge is phase com- 
p ared to the rising edge of VCO. As depicted in Figure 
1 , DRD is a 1 /3 cell wide (TVCO/2) pulse whose leading 
edge is defined by the leading edge of RD. A decode 
window is developed from the VCO clock. 

Shifting the symmetry of the VCO c lock effectively 
shifts the relative position of the DRD pulse within the 
decode window. Decode window control is provided 
via the WS controls. 

In the non-read modes, the PLL is locked to the 
external reference clock. When the reference input to 
the PLL is switched, the VCO is stopped momentarily, 
then restarted in an accurate phase alignment with the 
next PLL reference input pulse, and the VCO clock 
divider is reset. 

ADDRESS MARK DETECT 

In soft sector read operation the circuit must first detect 
an address mark to be able to initiate the rest of the read 
lock sequence. An address mark consists of two sets 
of 7 "0" patterns followed by two sets of 1 1 "0" patterns. 
To begi n the rea d lock sequence the Address Mark 
Enable (AMENB) is ass erted low by the controller. The 
address mark detect (AMD) circuit then initiates a 
sea rch of the read data (RD) for an address mark. First 
the AMD looks for a set of 6 "0"s within the 7 "0" 
patterns. Having detected a 6 "0 "the A MD then looks 
for a 9 "0" set within the 1 1 "0"s. If AMD does not detect 
9 "0"s within 5 RD bits after detecting 6 "0"s it will restart 
the addre ss ma rk detect sequence and look for 6 "0"s. 
Wh en the AMD has acqu ired a 6 "0," 9 "0" sequence, 
the AMD tr ansitions low. A MD will r emain low f or the 
duration of AMENB. When AMENB is released, AMD 
will be released. 

PREAMBLE SEARCH 

After the Address Mark (AM) has been detected, a 
Read Gate (RG) can be asserted low, initiating the 
remainder of the read lock sequence. When RG is 
asserted, an internal counter counts positive transi- 
tions of the incoming read data (RD) looking for 3 
consecutive "3T" preambles. Once the counter reaches 
count 3 (finds 3 consecutive 3T preambles) the internal 
read gate enables, switching the phase detector from 
the external reference clock to the delayed read data 
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input (DRD); at the same time a zero phase (int ernal) 
restart signal restarts the VCO in phase with the DRD. 
This prepares the VCO to be synchronized to data 
when the bit sync circuitry is enabled after VCO lock is 
established. 

VCO LOCK AND BIT SYNC ENABLE 

When the internal counter counts 16 more "3T" or a 
total of 19 positive transitions from RG enable, an 
internal VCO lock signal enables. The VCO lock signal 
activates the decoder bit synchronization circuitry to 
define the proper decode boundaries. Also, at count 
t9, the internal RCLK source switches from the exter- 
nal refere nce cl ock to VCO clock signal which is phase 
locked to DRD. The VCO is assumed locked at this 
point. A maximum of 2 RCLK time periods may occur 
for the RCLK transition, however, no short duration 
glitches will occur. After the bit sync circuitry sets the 
proper decode window (VCO in sync with RCLK and 
RCLK in sync with the data) NRZ is enabled and data 
is toggled in to be decoded for the duration of the read 
gate. 

HARD SECTOR OPERATION 



In hard sector operation, a high AMEN B disa bles the 
Address Mark Detection circuitry and AMD remains 
inactive. A hard sector read operation does not require 
an address mark search but starts with a preamble 
search as with soft sector and sequences identically. In 
all respects, with exception to the address mark search 
sequence, hard sector read operation is the same as 
soft sector read. 

WRITE MODE 

Inthe write mode the circuit converts NRZ datafromthe 
controller into 1 , 7 RLL formatted data for storage on 
the disk. The circuit can operate with a soft or hard 
sector hard drive. 

In soft sector operation the circuit generates a 
"7, 7, 11, 11" address mark and a preamble pattern 
("3T's"). In hard sector operation the circuit generates 
a 19 x "3T" preamble pattern but no preceding address 
mark. 

NRZ data is clocked into the circuit and latched on 
defined cell boundaries. The NRZ input data must be 
synchronous with the rising edges of the WCLK. 

Write precompensation circuitry is provided to com- 
pensate for media bit shift caused by intersymbol 



interference. The circuit recognizes specific write data 
patterns and can add or subtract delays in the time 
position of write data bits to counteract the read back 
bit shift. The magnitude of the time shift, TPC, is 
determined by an external resistor on the WCS pin. 

The circuit performs write precompensation according 
to the algorithm outlined in Table 4. 

SOFT SECTOR 

In soft sector operation, when read gate (RG) transi- 
tions high, VCO source and RCLK source switch from 
RD and 2VCO/3, respectively, to the external refer- 
ence clock. At the same time the VCO (internal) lock 
goes inactive but the VCO is locked to the external 
reference clock. After delay of 1 NRZ time period (min) 
from RG high, the write gate (WG) can be enabled low 
while NRZ is maintai ned (NRZ write data) low. The 
address mark enable (AMENB) is made active (low) a 
minimum of 1 NRZ time period later. The address mark 
(consisting of 7 "0"s, 7 "0"s, 11 "0"s, 11 "0"s) and the 
19 x "3T" preamble is then written by WD. While the 
preamble is being written, WCLK is clocking in an all "0" 
NRZ bit pair. The first non-zero NRZ byte input is 
assumed to be the sync byte. At the end of the write 
cycle, 8 WCLK cycles of blank NRZ time passes to 
insure the encoder is flushed of data; WG then goes 
high. WD stops toggling a maximum of 1 NRZ time 
periods after WG goes high. 

HARD SECTOR 

In hard sector operation, when read gate (RG) transi- 
tions high, VCO source and RCLK switch references 
and VCO loc k (intern al) goes inactive as with soft 
sector but the AMENB (Address Mark Enable) is kept 
high. 

The circuit then sequences from RG disable to WG 
enable and NRZ active as in soft sector operation. 
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TEST POINTS 

The SSI 32D5392 provides two (2) test points which can be utilized to evaluate window margin 
characteristics. 

(a) DRD, delayed read data - the positive edges represent the data bit position 

(b) VCO REF, the VCO reference which represents the input to the Phase Detector, synchronizer, and 
1,7 decoder 

The following figure describes the relationship between the various test points: 




FIGURE 1: Test Point Relationships 
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ENABLE * 
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NOTE: * Denotes internal signal 



FIGURE 2: Data Synchronization Waveform 
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FIGURE 3: NRZ Data Word Comparision to 1 , 7 Code Word 
(See Tables 1, and 2 for Decode Scheme) 
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FIGURE 4: Parallel/Serial Conversion Format 
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TABLE 1 : Decode Table for (1, 7) RLL Code Set 



ENCODED READ DATA 


DECODED DATA 


Previous Present Next 
Y Y Y Y Y Y Y 
2' 3' 12 3 12 


D D 
1 2 


XX 

1 XX 
fl 1 XX 


1 

1 


XX 10 XX 


1 1 


X 1 
X 10 10 
X 1 1 


1 1 
1 
1 


X 1 10 
X 1 10 1 
X 1 10 1 


1 




1 XX 
10 1 XX 
1 1 XX 


1 


(Preamble) 


XX 10 1 XX 


1 



TABLE 2: Encode Table for (1, 7) RLL Code Set 



NRZ DATA 


ENCODED WRITE DATA 


Present Next 
D D D D 
12 3 4 


Previous Present 
Y Y Y Y 
3 12 3 


OX 
1 X 
1 X 


X 1 



1 10 


10 OX 
10 1 X 


10 1 
10 


1 
1 
1 10 
1 10 


1 

1 10 



1 


1 1 
1 1 
1 11 
1 11 


1 

1 



1 


11 
11 10 
11 1 

11 11 


10 
10 
1 
10 



NOTE: X= Don't Care 
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TABLE 3: Clock Frequency 



wS 


M 


VCO REF 


RCLK 


DECCLK 


ENCCLK 


MODE 


1 


1 


FREF 


2FREF/3 


N/A 


N/A 


IDLE 


1 





RD 


2VCO/3 


VCO 


FREF 


READ 





1 


FREF 


2FREF/3 


FREF 


FREF 


WRITE 








Undefined 


Undefined 


Undefined 


Undefined 


Undefined 



Note 1: Until the VCO locks to the new source, the VCO entries will 
be FREF. 

2: Until the VCO locks to the new source, the 2VCO/3 entries will 
be 2FREF/3. 




TABLE 4: Write Precompensation Algorithm 



BIT 


BIT 


BIT 


BIT 


BIT 


COMPENSATION 


n-2 


n-1 


n 


n+1 


n+2 


BIT n 


1 





1 





1 


NONE 








1 








NONE 


1 





1 








EARLY 








1 





1 


LATE 



LATE: Bit n is time shifted (delayed) from its nominal 
time position towards the bit n+1 time position. 

EARLY: Bit n is time shifted (advanced) from its nominal 
time position towards the bit n-1 time position. 



TABLE 5: Write Precompensation Magnitude 



WpT 


WPO 


MAGNITUDE (WP) 








3 





1 


2 


1 





1 


1 


1 





The nominal magnitude, 

TPC = WP x TPCO is externally set with a resistor 
on pin WCS. 
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TABLE 6: Window Shift Direction 



WSD 


DIRECTION 





Early window (+TS) 


1 


Late window (-TS) 



TABLE 7: Window Shift Magnitude 



W2 


WT 


WO 


MAGNITUDE (WP) 


1 


1 


1 


No shift 


1 


1 





4% Minimum shift 


1 





1 


8% 


1 








12% 





1 


1 


15% 





1 





18% 








1 


20% 











22% Maximum shift 


With resistor, RRS, connected between pins RS and VPA: 


TS = TSO [RRS/(RRS + 0.8)] 
2kQ < RRS 





PIN DESCRIPTION 
INPUT PINS 



NAME 


TYPE 


DESCRIPTION 


VPA1 , VPA2 


I 


5 volt analog power supply pins 


VPD 


I 


5 volt digital power supply pin 


AGND 




Analog ground pin 


DGND 




Digital ground pin 


AMENB 


I 


ADDRESS MARK ENABLE: Used to enable the address mark detection and 
address mark generation circuitry. Active low TTL input levels. 


DW 


I 


DIRECT WRITE ENABLE : Used to enable the direct write mode. A high 
level allows normal write operation. A low level enables the encoder bypass 
path mode. In this bypass mode, NRZO will directly clock the WD Flip-Flop 
independent of the state of WG. Pin DW has an internal pull up resistor. TTL 
input levels. 


EPD 


I 


ENABLE PHASE DETECTOR: A low level (coast mode) disables the phase 
detector and enables the Test Mode. This opens the PLL and the VCO will 
run at the frequency commanded by the voltage on the VCO IN pin. (In the 
Test Mode, functions normally driven by the VCO are switched to FREF.) Pin 
EPD has an internal pull-up resistor. TTL input levels. 
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INPUT PINS (continued) 



NAME 


TYPE 


DESCRIPTION 


FREF 


I 


REFERENCE FREQUENCY INPUT: The pin frequency is at one and one-half 
times the data rate. FREF may be driven either by a direct coupled TTL signal or 
by an AC coupled ECL signal. 


RD, RD 


I 


READ DATA: Encoded Read Data from the disk drive read channel. Differential 
+5 volts offset ECL (PECL) input levels. 


RG 


I 


READ GATE: Selects the PLL reference input and initiates the PLL synchroniza- 
tion sequence. A low level selects the RD input and enables the read mode/ 
address detect sequences. A high level selects the XTAL input. See Table 2. TTL 
input levels. 


wo WT W2 


I 


WINDOW CONTROL BITS' In Read Mode Dins WO and WT and W2 control the 
magnitude of the decode window shift. Each pin has an internal pull-up resistor. 
TTL input levels. 


WCLK 


I 


WRITE CLOCK: Write mode dual-bit clock. Must be synchronous with the NRZ 
input. For short cable delays, WCLK may be connected directly to pin RCLK. For 
long cable delays, WCLK should be connected to an RCLK return line matched to 
the NRZ data bus line delay. TTL input levels. 


WPO ,WP1 


I 


WRITE PRECOMPENSATION CONTROL BITS: In Write Mode, pins WPO and 
WP1 control the magnitude of the write precompensation. Each pin has an internal 
pull-up resistor. TTL input levels. 


WG 


I 


WRITE GATE: Enables the write mode. See Table 2. Active low TTL input levels. 


WSD 


I 


WINDOW SYMMETRY DIRECTION CONTROL: Controls the direction of the 
decode window shift. Pin WSD has an internal pull-up resistor. TTL input levels. 


OUTPUT PINS 


AMD 





ADDRESS MARK DETECT: Tristate output pin that is in its high impedance state 
when WG is low or AMENB is high. When AMENB is low, this output indicates 
address mark search status. A latched low level output appears when an address 
mark has been detected. A high level on pin AMENB resets pin AMD. TTL output 
levels. 


DRD 





DELAYED READ DATA: An open emitter ECL output test point. The positive 
edges of this signal indicate the data bit position. The positive edges of the DRD 
and VCO_REF outputs can be used to estimate window centering. The time jitter 
of DRD's positive edge is an indication of media bit jitter. Two external resistors are 
required to use this pin. They should be removed during normal operation to 
reduce power dissipation. 


FOEN 





REFERENCE CLOCK ENABLE: When this output is high, the FREF clock is 
controlling the internal timing. When this output is low, the FREF clock is internally 
disabled. The output from pin FOEN can be used to disable the clock applied to 
the FREF pin to reduce VCO jitter during read modes. TTL output levels. 
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OUTPUT PINS (continued) 



NAME 


TYPE 


DESCRIPTION 


RCLK 





READ CLOCK: A multiplexed dual-bit clock source used by the controller, see 
Table 2. During a mode change, no glitches are generated and no more than one 
lost clock pulse will occur. When RG goes low, RCLK initially remains synchro- 
nized to 2FREF/3. After 19 read data pulses, RCLK is synchronized to the Read 
Data. When RG goes high, RCLK is synchronized back to the 2FREF/3. TTL output 
levels. 


SD 





SYNCHRONIZED DATA: An open emitter ECL output test point. Synchronized 
data before the decoder. Two external resistors are required to use this pin. 
They should be removed during normal operation to reduce power dissipation. 


VCO REF 





VCO REFERENCE: An open emitter ECL output test point. This is the VCO 
reference input to the phase detector. The positive edges are phase locked to 
Delayed Read Data. The negative edges of this open emitteroutput signal indicate 
the edges of the decode window. Two external resistors are required to use this 
pin. They should be removed during normal operation to reduce power dissipation. 


WD, WD 





WRITE DATA: Encoded write data output. The data is automatically 
^synchronized (independent of the delay between RRC and WCLK) to the FREF 
reference clock. Differential ECL output levels. Termination resistors are required. 


BIDIRECTIONAL PINS 


NRZO, 
NRZ1 


B 


NRZ READ DATA PORT: Dual-bit port. Read data output when RG is low, Write 
data input when WG is low. TTL input and output levels. 


ANALOG PINS 


IREF 


1 


CURRENT REFERENCE INPUT: The VCO center frequency, the 1/3 cell delay, 
and the phase detector gain are a function of the current sourced into this pin. 


PD OUT 





PHASE DETECTOR OUTPUT: Drives the loop filter input. 


RS 


1 


WINDOW SYMMETRY ADJUST PIN: This pin allows analog adjustment of the 
decode window shift magnitude. Used in conjunction with the digital controls WO 
and W1 and W2 this pin can be used to scale the magnitude of the preset window 
shift. Connect resistor to VPA. 


VCO IN 


1 


VCO CONTROL INPUT: Driven by the loop filter output. 


WCS 


1 


WRITE PR ECOM PENSATION SET: Pin for the reference current to set the write 
precompensation magnitude value. Connect resistor to VPA. 
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ELECTRICAL SPECIFICATIONS 



ABSOLUTE MAXIMUM RATINGS 

Operation above maximum ratings may damage the device. 



PARAMETER 


RATING 


UNIT 


Supply Voltage, VPA1, VPA2, VPD 


-0.3 to 6 


V 


Storage Temperature 


-65 to 150 


°c 


Lead Temperature (Soldering 10 sec.) 
FOEN.NRZ, WD, WD*, AMD*, DRD*. 


260 


°c 


VCOREF pins 


-0.3 to (VPA/VPD+0.3), 


V 


or +12 


mA 


All other pins 


-0.3 to (VPA/VPD+0.3) 


V 



RECOMMENDED OPERATING CONDITIONS 



Supply Voltage, VPA1 = VPA2 = VPD = VCC 


4.75 < VCC < 5.25 


V 


Junction Temperature, Tj 


0<Tj<135 


°C 


Ambient Temperature, Ta 


< Ta < 70° 


°C 



ELECTRICAL CHARACTERISTICS 

Unless otherwise specified, 4.75 < VPA/VPD < 5.25, 0°C < T(ambient) < 70 °C, 25 °C < T(junction) < 135 °C. 
Currents flowing into the chip are positive. Current maximums are currents with the highest absolute value. 

POWER SUPPLY CURRENTS AND POWER 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


ICC (VPA, VPD) 
Supply Current 


Outputs and test point pins 
open, Ta = 70 °C 




150 




mA 


PWR 

Power Dissipation 


Outputs and test point pins 
open, Ta = 70 °C 




0.75 




W 


DIGITAL INPUTS AND OUTPUTS 












TTL Compatible Inputs: AMENB, EPD, DW, RG, W0 , W1 , W2, WCLK, WG, WP0 , WP1 , NRZ0, NRZ1 , 
FREF Pins 


Input Low Voltage (VIL) 




-0.3 




0.8 


V 


Input High Voltage (VIH) 




2.0 




VPD+0.3 


V 


Input Low Current 


VIL = 0.4 V 


0.0 




-0.4 


mA 


Input High Current 


VIH = 2.4 V 






100 


MA 


Input Low Current 
(FREF) 


VIL = 0.4 V 


0.0 




TBD 


mA 


Input High Current 
(FREF) 


VIH = 2.4 V 






TBD 


ma 
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ELECTRICAL CHARACTERISTICS (continued) 
DIGITAL INPUTS AND OUTPUTS (continued) 



TTL Compatible Outputs: AMD, FOEN, NRZO, NRZ1, RCLK pins. 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


Output Low Voltage 


lol = 4.0 mA 






0.5 


V 


Output High Voltage 


loh= -400uA 


2.4 






V 


Digital Differential Inputs: RD, RD Pins 


Input Low Voltage (VIL) 




VPA-2.2 




VIH-0.5 


V 


Input High Voltage (VIH) 




VIL+0.5 




VPA-0.5 


V 


Differential Voltage 


|Vrd - Vrd| 


0.5 






V 


Input Low Current 


VIL = Min 


-100 






ma 


Input High Current 


VIH = Max 






+100 


uA 


Digital Differential Outputs: WD, WD Pins 


Output Low Voltage 


lol = TBD 


VPD-2.1 






V 


Output High Voltage 


loh = TBD 






VPD-0.7 


V 


Differential Voltage 


|Vwd-Vwd| 


0.5 






V 


Test Point Output Levels 


Test Point Output 

High Level (DRD, VCOREF) 


262Q to VPA, 

402C2 to GND, VPA = 5V 




VPA 
-1.02 




V 


Test Point Output 

Low Level (DRD.VCOREF) 


262Q to VPA, 

402Q to GND, VPA = 5V 






VPA 
-1.625 


V 
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DYNAMIC CHARACTERISTICS AND TIMING 
READ MODE 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


RpaH nata PiiIqp Width fTPRrN 
ncau L/cua ruioc vviuui \ i r nuj 




Q 
O 




1 VvU 

-8 


nc 
I lo 


neao uata mse i iitig ( i hhu) 


£U /o TO oU/o, UL < 1 U pr 






c 
O 


ns 


R^aH Rata Fall Tirrus H"FRrn 
neau L/ctici rail in lie 


OU /O IU C.\J /O, 2s i u pr 






c 


ns 


Read Clock Rise Time (TRRC) 


0.8V to 2.0V, CL<15pF 






5 


ns 


Read Clock Fall Time (TFRC) 


2.0V to 0.8V, CL< 15 pF 






5 


ns 


NRZ (out) Set Up & 
Hold Time (TDS, TDH) 




13 






ns 


RCLK Low Time (TLRC) 


0.8V, CL<15pF 


13 






ns 


RCLK High Time (THRC) 


2.0V,CL<15pF 


15 






ns 


AMD Set Up & 
Hold Time (TAS, TAH) 




13 






ns 


RRC re-sync period (Tdc2) 




TORC 




(2)TORC 


ns 


Decode Window Centering 
Accuracy 








±0.75 


ns 


Decode Window 




TVCO -0.75 






ns 



WRITE MODE 



Write Data Rise Time (TRWD) 


20% to 80% Points 
HOUtoVPD, 160atoDGND 






5 


ns 


Write Data Fall Time (TFWD) 


80% to 20% Points 
HOQtoVPD, 160£2tO DGND 






5 


ns 


Write Data Clock Rise Time 
(TRWC) CL<15pF 


0.8V to 2.0V, 






10 


ns 


Write Data Clock Fall Time 
(TFWC) CL<15pF 


2.0V to 0.8V, 






8 


ns 


NRZ Set Up Time (TSNRZ) 




5 






ns 


NRZ Hold Time (THNRZ) 




5 






ns 


Precompensation Time Shift 
Magnitude Accuracy (TPC) 


TPCO = 0.22 (Rc + 0.53) 

Rc min=1 kn, Rc max=0.3TXTAL 










W0 = 1, WT =1 


-0.5 




0.5 


ns 


W0=0,WT==1 




TPCO 




ns 


W0~ = 1 , WT =0 




2TPCO 




ns 


WO = 0, WT=o 




3TPCO 




ns 
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DATA SYNCHRONIZATION 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


VCO Center Frequency 
Period (TVCO) 


VCO IN=2.7V,VPA=VPD=5V 

TO=3.6(RR+1.7), 

RR=(185/DR)-1.7K 


0.8TO 




1.2TO 


ns 


VCO Frequency 
Dynamic Range 


1.0 V< VCO IN 
< VPA - 0.6V 
\/PA-\/pn - r v 

Vi M— Vi L/ — «J V 


±25 




±45 


% 


VCO Control Gain (KVCO) 


wo = 2tc/TVCO 
1.0 V<VCOIN 
< VPA - 0.6V 


0.14 wo 




0.26 wo 


rad/s V 


Phase Detector Gain (KD) 


VPA = VPD = 5V 
Read:KD = 660/(RR+0.53) 
PLL REF = RD, 1T Pattern 
Non-Read: KD = 330/(RR+0.53) 


0.83KD 




1.17KD 


uA/rad 


KVCO x KD Product Accuracy 




-28 




+28 


% 


VCO Phase Restart Error 


Referred to RRC 


-1 




+1 


rad 


1/3 Cell Delay 


TD=1.8(RR + 1.7);RR = k£2 


0.8TD 




1.2TD 


ns 



MODE CONTROL 



WG 


RS 


AMENB 


MODES 


DESCRIPTION 


1 


1 


1 


Idle 


Idle mode. VCO locked to external FR^F reference. 
RCLK synchronized to FREF. AMD tri-state. 


1 


1 





AM Search 


Read mode Address Mark search. VCO locked to exter- 
nal FREF reference. RCLK synchronized to FREF. AMD 
active. 


1 





1 


Read Data 


Read mode preamble search and data acquisition. VCO 
switched from FREF to RD after preamble lock. RCLK 
synchronized to RD after 19 "3T" patterns. 


1 








Undefined 


Illegal state. 





1 





Write AM 


Write mode Address Mark insertion. VCO locked to 
external FREF reference. WD, WD active. AMDtri-state. 





1 


1 


Write Data 


Write mode preamble insertion and data write. VCO 
locked to external FREF reference. RCLK synchronized 
to FREF. WD, WD active. AMD tri-state. 








1 


Undefined 


Illegal state. 











Undefined 


Illegal state. 
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JM5 
TRISTATE - 



AMENB - 
TRISTATE - 



6"0" 
DETECT 



6"0" 
DETECT 



9"0" 
DETECT 



6"0" 
DETECT 



PREAMBLE 
"3T" PATTERNS 



1 ZERO 
TIMING 
MIN 



1 


00 


1 


00 


1 


00 



















1 ENCODED DATA 
TIME MAX DELAY 



9"0" 
DETECT 



9"0" 
DETECT 



1 ZEROI 
TIMING 
MIN . 



. 1 ENCODED DATA 

^ TIME MAX DELAY 



r6"o"&9"o : n 

DETECT 1st 
PATTERN_J 



If 5 bits of HD~ are detected after 6 "0" are found and before 9 "0" then restart and look for 6 "0." 



6ty 
Found 



CT 
2 



CT 
3 



CT CT 



FIGURE 7: Address Mark Search 
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- Internal Source 
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FIGURE 8: Read Mode Locking Sequence (Soft and Hard Sector) 
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FIGURE 9: Multiple Address Mark Write 
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FIGURE 10: Write Data 



o £ 

O tt 

3 w 

0) o 
3 ^ 
Q. - 

3 r J2 

§■•"00 
< m jo 

wog 
E m co 
a O io 



SSI 32D5392 

Data Sync/1, 7 RLL ENDEC 

with Write Precomp. and Window Shift 



PACKAGE PIN DESIGNATIONS 

(Top View) 



CAUTION: Use handling procedures necessary 
for a static sensitive component. 



N/C [ 7 

WCLK [ 8 

N/C [ 9 

DW [ 10 

WD [ 11 

WD" [ 12 

NRZO [ 13 

NRZ1 [ 14 

N/C [ 15 

DGND [ 16 

VPD [ 17 



§ i 



n n n r~i i~i n 



1 44 43 42 41 40 



] SD 

] UR~D 

] VCOREF 

] PDOUT 

] VCOIN 

] VPA1 

33 ] WPT 

32 ] WPO 

31 ] RS 

30 ] WSD 

29 ] N/C 



18 19 20 21 22 23 24 25 26 27 28 J 

L_l ■ I I ■ I I [ I l_J LJ l _J LJ LJ L-J I— I 

* i o li £ - £ * ,5 l§ l§ 




44-Pin PLCC 



36-Pin SOM 



Advance Information: Indicates a product still in the design cycle, and any specifications are based on design goals only. Do not use 
for final design. 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other 
rights of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. 
Silicon Systems reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to 
verify that the data sheet is current before placing orders. 



Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680 (714) 573-6000, FAX (714) 573-6914 



Protected by the following patent: (4,803,445) 
©1992 Silicon Systems, Inc. 
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DESCRIPTION 

The SSI 32D5393 Data Synchronizer/1 , 7 RLL ENDEC 
provides data recovery and data encoding for storage 
systems which employ a 1 , 7 RLL encoding format. 
Data synchronization is performed with a fully inte- 
grated high performance PLL. A zero phase restart 
technique is used to minimize PLL acquisition time. 
The VCO frequency setting elements are incorporated 
within the SSI 32D5393 for enhanced performance 
and reduced board space. Data rate is established 
with a single external programming resistor. The SSI 
32D5393 utilizes an advanced bipolar process tech- 
nology which affords precise decode window control 
without the requirement of external devices. The SSI 
32D5393 requires a single +5V supply. 



FEATURES 



Data synchronizer and 1, 7 RLL ENDEC 
24 to 40 Mbit/s operation 

- Data rate programmed with a single 
external resistor or current source 

Fast acquisition phase locked loop with 
improved zero phase restart technique 
Fully integrated data separator 

- No external delay lines or active devices 
required 

Programmable decode window symmetry 
control 

- Includes delayed read data and VCO clock 
monitor points 

Programmable write precompensation 

Hard and soft sector operation (hard sector 

only in 28 pin PLCC) 

Uses standard 5V ± 5% supply 

28-pin PLCC and 52-lead QFP packages 




BLOCK DIAGRAM 



T5RD" VCO REF EPD PDOUTl 



ANALOG +5V 

^ | DIGITAL +5V 

_. _ . __Ut| JycON RS WSDWC WT WZ VPAlT |vPA2 \ VPD 

tj>— ^^^-^ [ >^i^jK ] D-ff □ 1 



1092 -rev. 
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OPERATION 

DATA/CLOCK RECOVERY CIRCUIT 

The circuit is designed to perform data recovery and 
data encoding in rotating memory systems which utilize 
a 1 , 7 RLL encoding format. In the read mode the circuit 
performs data synchronization, sync field search and 
detect, address mark detect, and data decoding. In the 
write mode, the circuit converts NRZ data into the 1 , 7 
RLL format described in Table 1, performs write 
precompensation, generates the preamble field and 
inserts address marks as requested. 

This data rate is established by a single 1% external 
resistor, RR, connected from the IREFpinto VPA.This 
resistor establishes a reference current which sets the 
VCO center frequency, the phase detector gain, and 
the 1/3 cell delay. The value of this resistor is given by: 
RR = (185/DR) -1.7 kQ 

Where: DR = data rate in Mbit/s 

Alternately, the IREF pin can be driven from the SSI 
32D4661 in a constant density recording application. 

The circuit employs a dual mode phase detector; har- 
monic in the read mode and non-harmonic in the write 
and idle modes. In the read mode, the harmonic phase 
detector updates the PLL with each occurrence of a 
DLYD DATA pulse. In the write and idle modes, the 
non-harmonic phase detector is continuously enabled, 
thus maintaining both phase and frequency lock. By 
acquiring both phase and frequency lock to the input 
reference frequency and utilizing a zero phase restart 
technique, false lock to DLYD DATA is eliminated. 

The phase detector incorporates a charge pump in 
order to drive the loop filter directly. The polarity and 
width of the output current pulses correspond to the 
direction and magnitude of the phase error. 

The READ GATE (RG) and WRITE GATE (WG) inputs 
control the mode of the data/clock recovery section of 
the chip. 

RG is an asynchronous input and may be initiated or 
terminated at any position on the disk. WG is also an 
asynchronous input, but should not be terminated prior 
to the last output write data pulse. 

READ OPERATION 

The data synchronizer utilizes a fully integrated fast 
acquisition PLL to accurately develop the decode 
window. Read Gate, RG, initiates the PLL locking 



sequence and selects the PLL reference input; a low 
level (Read Mode) selects the RD input and a high level 
setects the external reference clock. 

In the read mode the falling edge of DRD enables the 
phase detector while the rising edge is phase com- 
pa red to the rising edge of VCO. As depicted in Figure 
X, DRD is a 1/3 cell wide (TVCO/2) pulse whose 
leading edge is defined by the leading edge of RD. A 
decode window is developed from the VCO clock. 

Shifting the symmetry of the VCO c lock effectively 
shifts the relative position of the DRD pulse within the 
decode window. Decode window control is provided 
via the WS controls. 

In the non-read modes, the PLL is locked to the 
external reference clock. When the reference input to 
the PLL is switched, the VCO is stopped momentarily, 
then restarted in an accurate phase alignment with the 
next PLL reference input pulse, and the VCO clock 
divider is reset. 

ADDRESS MARK DETECT 

In soft sector read operation the circuit must first detect 
an address mark to be able to initiate the rest of the read 
lock sequence. An address mark consists of two sets 
of 7 "0" patterns followed by two sets of 1 1 "0" patterns. 
To begi n the rea d lock sequence the Address Mark 
Enable (AMENB) is ass erted low by the controller. The 
address mark detect (AMD) circuit then initiates a 
sea rch of the read data (RD) for an address mark. First 
the AMD looks for a set of 6 "0"s within the 7 "0" 
patterns. Having detected a 6 "0 " the A MD then looks 
for a 9 "0" set within the 1 1 "0"s. If AMD does not detect 
9 "0"s within 5 RD bits after detecting 6 "0"s it will restart 
the addre ss ma rk detect sequence and look for 6 "0"s. 
Wh en the AMD has acqu ired a 6 "0," 9 "0" sequence, 
the AMD tr ansitions low. A MD will r emain low f or the 
duration of AMENB. When AMENB is released, AMD 
will be released. 

PREAMBLE SEARCH 

After the Address Mark (AM) has been detected, a 
Read Gate (RG) can be asserted low, initiating the 
remainder of the read lock sequence. When RG is 
asserted, an internal counter counts positive transi- 
tions of the incoming read data (RD) looking for 3 
consecutive "3T" preambles. Once the counter reaches 
count 3 (finds 3 consecutive 3T preambles) the internal 
read gate enables, switching the phase detector from 
the external reference clock to the delayed read data 
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input (DRD); at the same time a zero phase (int ernal) 
restart signal restarts the VCO in phase with the DRD. 
This prepares the VCO to be synchronized to data 
when the bit sync circuitry is enabled after VCO lock is 
established. 

VCO LOCK AND BIT SYNC ENABLE 

When the internal counter counts 16 more "3T" or a 
total of 19 positive transitions from RG enable, an 
internal VCO lock signal enables. The VCO lock signal 
activates the decoder bit synchronization circuitry to 
define the proper decode boundaries. Also, at count 
19, the internal RRC source switches from the external 
reference clock to VCO clock signal which is phase 
locked to DRD. The VCO is assumed locked at this 
point. A maximum of 2 RRC time periods may occurfor 
the RRC transition, however, no short duration glitches 
will occur. After the bit sync circuitry sets the proper 
decode window (VCO in sync with RRC and RRC in 
sync with the data) NRZ is enabled and data is toggled 
in to be decoded for the duration of the read gate. 

HARD SECTOR OPERATION 



In hard sector operation, a high AMEN B disa bles the 
Address Mark Detection circuitry and AMD remains 
inactive. A hard sector read operation does not require 
an address mark search but starts with a preamble 
search as with soft sector and sequences identically. In 
all respects, with exception to the address mark search 
sequence, hard sector read operation is the same as 
soft sector read. 

WRITE MODE 

I n the write mode the circuit co nverts N RZ data from the 
controller into 1 , 7 RLL formatted data for storage on 
the disk. The circuit can operate with a soft or hard 
sector hard drive. 

In soft sector operation the circuit generates a 
"7, 7, 11, 11" address mark and a preamble pattern 
("3T's"). In hard sector operation the circuit generates 
a 19 x "3T" preamble pattern but no preceding address 
mark. 

WDNRZ data is clocked into the circuit and latched on 
defined cell boundaries. The NRZ input data must be 
synchronous with the rising edges of the WCLK. 

Write precompensation circuitry is provided to com- 
pensate for media bit shift caused by intersymbol 
interference. The circuit recognizes specific write data 



patterns and can add or subtract delays in the time 
position of write data bits to counteract the read back 
bit shift. The magnitude of the time shift, TPC, is 
determined by an external resistor on the WCS pin. 

The circuit performs write precompensation according 
to the algorithm outlined in Table 3. 

SOFT SECTOR 

In soft sector operation, when read gate (RG) transi- 
tions high, VCO source and RRC source switch from 
RD and 2VCO/3, respectively, to the external refer- 
ence clock. At the same time the VCO (internal) lock 
goes inactive but the VCO is locked to the external 
reference clock. After delay of 1 NRZ time period (min) 
from RG high, the write gate (WG) can be enabled low 
while NRZ is maintai ned (NRZ write data) low. The 
address mark enable (AMENB) is made active (low) a 
minimum of 1 NRZ time period later. The address mark 
(consisting of 7 "0"s, 7 "0"s, 1 1 "0"s, 1 1 "0"s) and the 
19 x "3T" preamble is then written by WD. While the 
preamble is being written, WCLK is clocking in an all "0" 
NRZ bit pair. The first non-zero NRZ byte input is 
assumed to be the sync byte. At the end of the write 
cycle, 8 WCLK cycles of blank NRZ time passes to 
insure the encoder is flushed of data; WG then goes 
high. WD st ops t oggling a maximum of 1 NRZ time 
periods after WG goes high. 

HARD SECTOR 

In hard sector operation, when read gate (RG) transi- 
tions high, VCO source and RRC switch references 
and VCO loc k (intern al) goes inactive as with soft 
sector but the AMENB (Address Mark Enable) is kept 
high. 

The circuit then sequences from RG disable to WG 
enable and NRZ active as in soft sector operation. 
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TEST POINTS 

The SSI 32D5393 provides two (2) test points which can be utilized to evaluate window margin 
characteristics. 



(a) DRD, delayed read data - the positive edges represent the data bit position 

(b) VCO REF, the VCO reference which represents the input to the Phase Detector, synchronizer, and 
1,7 decoder 

The following figure describes the relationship between the various test points: 




FIGURE 1: Test Point Relationships 



1.7 RLL DATA 



RD 



DECODE WINDOW * H~ 



PHASE DET 
ENABLE * 



NRZ BIT CELL M- 




->H- 



NOTE: * Denotes internal signal 



I 



1 



FIGURE 2: Data Synchronization Waveform 
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| PRESENT | 

X Y2 X Y3 % Y1 X yz X Y3 % Y1 — 

PREVIOUS i I I i NEXT 

CODEWORD' 'CODEWORD 
LAST BIT | « 1 : 1 | FIRST BIT 

1 CODE WORD 

I I 

FIGURE 3: NRZ Data Word Comparision to 1 , 7 Code Word 
(See Tables 1, and 2 for Decode Scheme) 
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TABLE 1 : Decode Table for (1 , 7) RLL Code Set 



FNPODFD RFAD DATA 


DFPODFD DATA 


Previous Present Next 
Y Y Y Y Y Y Y 
2' 3' 12 3 12 


D D 
1 2 


XX 

1 XX 
1 XX 


1 

1 


XX 10 XX 


1 1 


X 1 
X 10 10 
X 1 1 


1 1 

1 
1 


X 1 10 
X 1 10 10 
X 1. 10 1 


1 




1 XX 

1 1 XX 
1 1 XX 


1 


(Preamble) 


XX 10 1 XX 


1 



TABLE 2: Encode Table for (1, 7) RLL Code Set 



NRZ DATA 


ENCODED WRITE DATA 


Present Next 
D D D D 
12 3 4 


Previous Present 
Y Y Y Y 
3 12 3 


OX 
1 X 
1 X 


X 1 



1 10 


10 OX 
10 1 X 


10 1 
10 


1 
1 
1 10 
1 10 


1 

1 10 



1 


1 1 
1 1 
1 11 
1 11 


1 

1 



1 


11 
11 10 
11 1 

11 11 


0^ 10 
10 
10 
10 



NOTE: X = Don't Care 
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TABLE 3: Clock Frequency 



ws 


RG 


VCO REF 


RRC 


DECCLK 


ENCCLK 


MODE 


1 


1 


FREF 


2FREF/3 


N/A 


N/A 


IDLE 


1 





RD 


2VCO/3 


VCO 


FREF 


READ 





1 


FREF 


2FREF/3 


FREF 


FREF 


WRITE 








Undefined 


Undefined 


Undefined 


Undefined 


Undefined 



Note 1 : Until the VCO locks to the new source, the VCO entries will 
be FREF. 

2: Until the VCO locks to the new source, the 2VCO/3 entries will 
be 2FREF/3. 




TABLE 4: Write Precompensation Algorithm 



BIT 


BIT 


BIT 


BIT 


BIT 


COMPENSATION 


n-2 


n-1 


n 


n+1 


n+2 


BIT n 


1 





1 





1 


NONE 








1 








NONE 


1 





1 








EARLY 








1 





1 


LATE 



LATE: Bit n is time shifted (delayed) from its nominal 
time position towards the bit n+1 time position. 

EARLY: Bit n is time shifted (advanced) from its nominal 
time position towards the bit n-1 time position. 



TABLE 5: Write Precompensation Magnitude 



WpT 


WPO 


MAGNITUDE (WP) 








3 





1 


2 


1 





1 


1 


1 





The nominal magnitude, 

TPC = WP x TPCO is externally set with a resistor 
on pin WCS. 
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TABLE 6: Window Shift Direction 



WSD 


DIRECTION 





Early window (+TS) 


1 


Late window (-TS) 



TABLE 7: Window Shift Magnitude 



W2 


WT 


WO 


MAGNITUDE (WP) 


1 


1 


1 


No shift 


1 


1 





4% Minimum shift 


1 





1 


8% 


1 








12% 





1 


1 


15% 





1 





18% 








1 


20% 











22% Maximum shift 


With resistor, RRS, connected between pins RS and VPA: 


TS = TSO [RRS/(RRS + 0.8)] 




2kQ < RRS 


< 16 kQ 
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PIN DESCRIPTION 



INPUT PINS 



NAME 


TYPE 


DESCRIPTION 


VPA1 , VPA2 




5 volt analog power supply pins 


VPD 




5 volt digital power supply pin 






Analog ground pin 


DGND 




Digital ground pin 


AMENB 




ADDRESS MARK ENABLE: Used to enable the address mark detection and 
address mark generation circuitry. Active low TTL input levels. 


DW 




DIRECT WRITE ENABLE : Used to enable the direct write mode. Alow level 
allows normal write operation. A high level enables the encoder bypass path 
mode. In this bypass mode, WDNRZ will directly drive the WD output 
independent of the state of WG. Pin DW has an internal pull up resistor. TTL 
input levels. 


EPD 




ENABLE PHASE DETECTOR: A low level (coast mode) disables the phase 
detector and enables the Test Mode. This opens the PLL and the VCO will 
run at the frequency commanded by the voltage on the VCO IN pin. (In the 
Test Mode, functions normally driven by the VCO are switched to FREF.) Pin 
EPD has an internal pull-up resistor. TTL input levels. 


FREF 


• 


REFERENCE FREQUENCY INPUT: The pin frequency is at one and one- 
half time the data rate. FREF may be driven either by a direct coupled TTL 
signal or by an AC coupled ECL signal. 


RD, RD 




READ DATA: Encoded Read Data from the disk drive read channel. 
Differential +5 volts offset ECL (PECL) input levels. 


RG 




READ GATE: Selects the PLL reference input and initiates the PLL 
synchronization sequence. A low level selects the RD input and enables the 
read mode/address detect sequences. A high level selects the XTAL input. 
See Table 2, TTL input levels. 


WO, WT, W2 


1 


WINDOW CONTROL BITS: In Read Mode, pins WO and WT and W2 control 
the magnitude of the decode window shift. Each pin has an internal pull-up 
resistor. TTL input levels. 


WCLK 


■ 


WRITE CLOCK: Write mode bit clock. Must be synchronous with the 
WDNRZ input. For short cable delays, WCLK may be connected directly to 
pin RRC. For long cable delays, WCLK should be connected to an RRC 
return line matched to the WDNRZ data bus line delay. TTL input levels. 


WDNRZ 




NRZ WRITE DATA INPUT PIN: This pin can be connected to the NRZ to 
form a bidirectional data port. Pin WDNRZ has an internal pull-up resistor. 
TTL input levels. 


WPO ,WP1 




WRITE PRECOMPENSATION CONTROL BITS: In Write Mode, pins WPO 
and WP1 control the magnitude of the write precompensation. Each pin has 
an internal pull-up resistor. TTL input levels. 


WG 




WRITE GATE: Enables the write mode. See Table 2. Active low TTL input 
levels. 


WSD 




WINDOW SYMMETRY DIRECTION CONTROL: Controls the direction of 
the decode window shift. Pin WSD has an internal pull-up resistor. TTL input 
levels. 
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OUTPUT PINS 



NAME 


TYPE 


DESCRIPTION 


AMD 





ADDRESS MARK DETECT: Tristate output pin that is in its high impedance state 
when WG is low or AMENB is high. When AMENB is low, this output indicates 
address mark search status. A latched low level output appears when an address 
mark has been detected. A high level on pin AMENB resets pin AMD. TTL output 
levels. 


DRD 





DELAYED READ DATA: An open emitter ECL output test point. The positive 
edges of this signal indicate the data bit position. The positive edges of the DRD 
and VCO_REF outputs can be used to estimate window centering. The time jitter 
of DRD's positive edge is an indication of media bit jitter. Two external resistors are 
required to use this pin. They should be removed during normal operation to 
reduce power dissipation. 


FOEN 





REFERENCE CLOCK ENABLE: When this output is high, the FREF clock is 
controlling the internal timing. When this output is low, the FREF clock is internally 
disabled. The output from pin FOEN can be used to disable the clock applied to 
the FREF pin to reduce VCO jitter during read modes. TTL output levels. 


NRZ 





NRZ READ DATA OUTPUT: Tristate output pin that is enabled when read gate is 
active. This pin can be connected to the WDNRZ pin to form a bidirectional data 
port. TTL input levels. 


RRC 





READ CLOCK: A multiplexed bit clock source used by the controller, see Table 2. 
During a mode change, no glitches are generated and no more than one lost clock 
pulse will occur. When RG goes low, RRC initially remains synchronized to 
2FREF/3. After 1 9 read data pulses, RRC is synchronized to the Read Data. When 
RG goes high, RRC is synchronized back to the 2FREF/3. TTL output levels. 


VCO REF 





VCO REFERENCE: An open emitter ECL output test point. This is the VCO 
reference input to the phase detector. The positive edges are phase locked to 
Delayed Read Data. The negative edges of this open emitter output signal indicate 
the edges of the decode window. Two external resistors are required to use this 
pin. They should be removed during normal operation to reduce power dissipation. 


WD, WD 





WRITE DATA: Encoded write data output. The data is automatically 
resynchronized (independent of the delay between RRC and WCLK) to the FREF 
reference clock. Differential ECL output levels. Termination resistors are required. 


ANALOG PINS 


IREF 


I 


CURRENT REFERENCE INPUT: The VCO center frequency, the 1/3 cell delay, 
and the phase detector gain are a function of the current sourced into this pin. 


PDOUT 


I/O 


PHASE DETECTOR OUTPUT: Drives the loop filter input. 


RS 


I 


WINDOW SYMMETRY ADJUST PIN: This pin allows analog adjustment of the 
decode window shift magnitude. Used in conjunction with the digital controls WO 
and W1 and W2 this pin can be used to scale the magnitude of the preset window 
shift. Connect resistor to VPA. 


VCO IN 


I/O 


VCO CONTROL INPUT: Driven by the loop filter output. 


WCS 


I 


WRITE PR ECOM PENSATION SET: Pin for the reference current to set the write 
precompensation magnitude value. Connect resistor to VPA. 
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ELECTRICAL SPECIFICATIONS 



ABSOLUTE MAXIMUM RATINGS 

Operation above maximum ratings may damage the device. 



PARAMETER 


RATING 


UNIT 


Supply Voltage, VPA1 , VPA2, VPD 


-0.3 to 6 


V 


Storage Temperature 


-65 to 150 


°c 


Lead Temperature (Soldering 10 sec.) 
FOEN.NRZ, WD, WD*, AMD*, DRD*, 


260 


°c 


VCOREF pins 


-0.3 to (VPA/VPD+0.3), 


V 


or +12 


mA 


All other pins 


-0.3 to (VPA/VPD+0.3) 


V 



RECOMMENDED OPERATING CONDITIONS 



Supply Voltage, VPA1 = VPA2 = VPD = VCC 


4.75 < VCC < 5.25 


V 


Junction Temperature, Tj 


0<Tj<135 


°C 


Ambient Temperature, Ta 


< Ta < 70° 


°C 



ELECTRICAL CHARACTERISTICS 

Unless otherwise specified, 4.75 < VPA/VPD < 5.25, 0°C < T(ambient) < 70 °C, 25 °C < T(junction) < 135 °C. 
Currents flowing into the chip are positive. Current maximums are currents with the highest absolute value. 

POWER SUPPLY CURRENTS AND POWER 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


ICC (VPA, VPD) 
Supply Current 


Outputs and test point pins 
open, Ta = 70 °C 




150 


195 


mA 


PWR 

Power Dissipation 


Outputs and test point pins 
open, Ta = 70 °C 




0.75 


1.03 


W 



DIGITAL INPUTS AND OUTPUTS 

TTL Compatible Inputs: AMENB, EPD, WDNRZ, DW, RG, W0, WT, W2, WCLK, WG, WPO , WPT, 
FREF Pins 



Input Low Voltage (VIL) 




-0.3 




0.8 


V 


Input High Voltage (VIH) 




2.0 




VPD+0.3 


V 


Input Low Current 


VIL = 0.4 V 


0.0 




-0.4 


mA 


Input High Current 


VIH = 2.4 V 






100 


MA 


Input Low Current 
(FREF) 


VIL = 0.4 V 


0.0 




-0.4 


mA 


Input High Current 
(FREF) 


VIH = 2.4 V 






350 


llA 
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ELECTRICAL CHARACTERISTICS (continued) 
DIGITAL INPUTS AND OUTPUTS (continued) 



TTL Compatible Outputs: AMD, FOEN, NRZ, RRC pins. 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


Output Low Voltage 


lol = 4.0 mA 






0.5 


V 


Output High Voltage 


loh= -400uA 


2.4 






V 


Digital Differential Inputs: RD, RD Pins 


Input Low Voltage (VIL) 




VPA-2.2 




VIH-0.5 


V 


Input High Voltage (VIH) 




VIL+0.5 




VPA-0.5 


V 


Differential Voltage 


|Vrd - Vrd| 


0.5 






V 


Input Low Current 


VIL = Min 


-100 






uA 


Input High Current 


VIH = Max 






+100 


MA 


Digital Differential Outputs: WD, WD Pins 


Output Low Voltage 


lol = TBD 


VPD-2.1 






V 


Output High Voltage 


loh = TBD 






VPD-0.7 


V 


Differential Voltage 


|Vwd - VWd| 


0.5 






V 


Test Point Output Levels 


Test Point Output 

High Level (DRD, VCOREF) 


262H to VPA, 

402& to GND, VPA = 5V 




VPA 
-1.02 




V 


Test Point Output 

Low Level (DRD,VCOREF) 


262Q to VPA, 

402Q to GND, VPA = 5V 






VPA 
-1.625 


V 


DYNAMIC CHARACTERISTICS AND TIMING 
READ MODE 


Read Data Pulse Width (TPRD) 




8 




(2)TVCO 
-8 


ns 


Read Data Rise Time (TRRD) 


20% to 80%, CL<10pF 






5 


ns 


Read Data Fall Time (TFRD) 


80% to 20%, CL< 10 pF 






5 


ns 


Read Clock Rise Time (TRRC) 


0.8V to 2.0V, CL<15pF 






10 


ns 


Read Clock Fall Time (TFRC) 


2.0V to 0.8V, CL <15pF 






8 


ns 


NRZ (out) Set Up & 
Hold Time (TDS, TDH) 




10 






ns 


RRC duty cycle 
(TRD) 


except during re-sync 


40 




60 


% 


during re-sync 


40 






% 


AMB Set Up & 
Hold Time (TAS, TAH) 




10 






ns 


RRC re-sync period (Tdc2) 




TORC 




(2)TORC 


ns 


1/3 Cell Delay 


TD=1.8(RR + 1.7);RR = k£2 


0.8TD 




1.2TD 


ns 
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WRITE MODE 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


Write Data Pulse Width(TWD) 


CL<i5pF,@1.5V 
TC=1.8(Rc+0.53) 


TFREF 
-TC-1 




TFREF 


ns 


Write Data Rise Time (TRWD) 


20% to 80% Points 
HOntoVPD, 160Qto DGND 






5 


ns 


Write Data Fall Time (TFWD) 


80% to 20% Points 
HOQtoVPD, 160fttoDGND 






5 


ns 


Write Data Clock Rise Time 
(TRWC) CL<15pF 


0.8V to 2.0V, 






10 


ns 


\A/rito riata f^lnnle Fall Timo 
WHIG Uala V^IUCrs rail III lie 

(TFWC) CL<15pF 


o c\\/ to n r\/ 






Q 
O 


ns 


NRZ Set Up Time (TSNRZ) 




5 






ns 


NRZ Hold Time (THNRZ) 




5 






ns 


Precompensation Time Shift 
Magnitude Accuracy (TPC) 


TPCO = 0.22 (Rc + 0.53) 

Rc min=1 KQ, Rc max=0.3TXTAL 










W0 = 1, WT =1 


-0.5 




0.5 


ns 


W0=0, WT=1 




TPCO 




ns 


W0" = 1 , WT =0 




2TPCO 




ns 


wo=o, WT=o 




3TPCO 




ns 


DATA SYNCHRONIZATION 


VCO Center Frequency 
Period (TVCO) 


VCO IN=2.7V,VPA=VPD=5V 

TO=3.6(RR+1.7), 

RR=(185/DR)-1.7K 


0.8TO 




1.2TO 


ns 


VCO Frequency 
Dynamic Range 


1.0 V< VCO IN 
< VPA - 0.6V 
VPA=VPD = 5 V 


±25 




±45 


% 


VCO Control Gain (KVCO) 


wo = 2tc/TO 
1.0 V< VCO IN 
< VPA - 0.6V 


0.14 wo 




0.26 wo 


rad/s V 


Phase Detector Gain (KD) 


VPA = VPD = 5V 
Read: KD = 660/(RR+0.53) 
PLL REF = RD, 1T Pattern 
Non-Read: KD = 330/(RR+0.53) 


0.83KD 




1.17KD 


uA/rad 


KVCO x KD Product Accuracy 




-28 




+28 


% 


VCO Phase Restart Error 


Referred to RRC 


-1 




+1 


rad 


Decode Window Centering 
Accuracy 








±0.75 


ns 


Decode Window 




TVCO -0.75 






ns 
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MODE CONTROL 



RG 


WG 


AMENB 


MODES 


DESCRIPTION 


1 


1 


1 


Idle 


Idle mode. VCOIockedto external FREF reference. RRC 
synchronized to FREF NRZ tri-stated. AMD high. 


i 


i 


n 
u 


MIVI OUciiOII 


R^cjH tmr\f\c± AHHrocc KAaric coarrh lr\r*lt&ri tA oytor- 
ricdU 1 1 lUUc nUUlcoo ivldlfs otJcllUll. lUOfttJU IU cAlol 

nal FREF reference. RRC synchronized to FREF. NRZ 
tri-stated. AMD active. 


i 


A 
U 


1 


neau uaia 


neda moae prearnuie searon aria uaia acquisition, vovj 
switched from FREF to RD after preamble lock.RRC 
synchronized to RD after 19 "3T" patterns. NRZ active. 


1 








Undefined 


Illegal state. 





1 





Write AM 


Write mode Address Mark insertion. VCO locked to 
external FREF reference. Byte clock and 4-bit clock 
synchronized to FREF. WD, WD active. NRZ0-NRZ7 tri- 
stated. AMD high. 





1 


1 


Write Data 


Write mode preamble insertion and data write. VCO 
locked to external FREF reference. RRC synchronized to 
FREF. WD, WD active. NRZO tri-stated. AMD high. 








1 


Undefined 


Illegal state. 











Undefined 


Illegal state. 




FIGURE 3: Read Timing 
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RG 



VCO LOCK 
(INTERNAL) 



FIGURE 4: Write Timing 



I TDC2 I 



TDC2 I I TDC2 



NRZ Hl-Z \ 



TD4 = 6-8 NRZ 



I TDC2 I 



FIGURE 5: Read Mode NRZ Data Timing 



RG ■ 
WG 



TD6 . 6-8 NRZ - 



TD5 = 1 NRZ min 



TD7 = 8-10 NRZ 



TD10 = 1 NRZ min 



TD9= 10 NRZ min 

TD8 = 2 NRZ max 



"oov i-X viX^X^ X- 1 " oor 



FIGURE 6: Write Mode NRZ Data Timing 
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RTJ - 



JM5 
TR 1ST ATE - 



JM5 
TRISTATE - 



6-0" 
DETECT 



9"0" 
DETECT 



6"0" 
DETECT 



6-0" 
DETECT 



PREAMBLE 
"3T* PATTERNS 



1 


00 


1 


00 


1 


00 



















1 ZERO 
TIMING 
MIN 



, 1 ENCODED DATA 

^ TIME MAX DELAY 



1 ZERO! 



9-0" 
DETECT 



TIMING 
MIN 



9-0" 
DETECT 



tristate re-o-ag-o-n 

CASE 1 DETECT 1st 

L_PATTERN_J 



1 ENCODED DATA 
TIME MAX DELAY 



If 5 bits of RTJ are detected after 6 "0" are found and before 9 "0" then restart and look for 6 "0." 



RTJ- 



6V 
Found 



CT 
3 



CT 



FIGURE 6: Address Mark Search 



R 



Jl 




XXX — 


-XXX XX- 


-XXX XX XX 




X X — 




1 MAX 1 

M 2RRC M 

PERIODS 


1 MAX I 

M 2RRC M ► 

PERIODS 


MAX 
2RRC 
PERIODS 






X X X x- — 







ENABLE 
BIT SNYC SEARCH 
DISABLE 



PHASE DET SOURCE 



INT COUNTER 



FIGURE 7: Read Mode Locking Sequence (Soft and Hard Sector) 
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■ 1 NRZ BIT TIME MIN 



WG 
(INTERNAL) 



1 NRZ BIT TIME MIN 
27 NRZ BIT TIME MAX 



TIMING BETWEEN AMENB & START OF WDNRZ TIMING 
" MUST MEET TIME REQUIREMENTS OF WRITE DATA. 
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FIGURE 8: Multiple Address Mark Write 



-H 1 



NRZ MIN 
27 NRZ 
MAX 



MIN OF 62 NRZ RECOMMENDED 
("001 ■ PATTERNS) 



4 



MAX OF 5 NRZ DELAY V 




Y- 



- ADDRESS MARK— 



(19x3T PATTERN) 



ENCODED DATA 



VCO LOCKS BUT VCO LOCK SIGNAL WILL STAY INACTIVE 



VCO v , VTA, 

SOURCE m X 

RRC v/co v , XTAL 

SOURCE ^ )< 



FIGURE 9: Write Data 
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PACKAGE PIN DESIGNATIONS 

(Top View) 



CAUTION: Use handling procedures necessary 
for a static sensitive component. 



i $ b i 



N/C [ 1 
N/C [ 2 
WCLK [ 3 
WDNRZ [ 4 
DW [ 5 
N/C [ 6 
N/C [ 7 
WD [ 8 
[ 9 
VPD [ 10 
DGND [ 11 
N/C [ 12 
N/C [ 13 



52 51 50 49 48 47 



45 44 43 42 41 40 



14 15 16 17 18 19 20 21 22 23 24 25 26 



39 ] N/C 
38 ] N/C 
37 ] BED" 
36 p VCO REF 

] PDOUT 
34 h VCO IN 
33 ] VPA1 
> ] WPT 
31 ] WPO 



] RS 
] WSD 
] N/C 
] N/C 



P N O 2 p u, O to ley Ir- |o O O 
z £ £ g I £ 2 O |5 |5 |! Z 2 



B B I a B i I 







WCLK [ 


5 


WDNRZ [ 


6 


DW [ 


7 


WD [ 


8 


WB~ [ 


9 


VPD [ 


10 


DGND [ 


11 



12 13 14 15 16 17 



25 ]ERU 



] VCO REF 
3 FLTR 
] VPA1 
] WPT 
20 ] WPO 
19 ] WSD 



NO z U. CO Ir b 
(£ CC UJ UJ O 5 R 
2 DC 9 £ 5 15 



52-Lead QFP 



28-Pin PLCC 



ORDERING INFORMATION 



PART DESCRIPTION 


ORDERING NUMBER 


PACKAGE MARK 


SSI32D5393 


52-Lead QFP 


32D5393-CG 


32D5393-CG 


28-Pin PLCC 


32D5393-CH 


32D5393-CH 
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of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders. 
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DESCRIPTION 

The 32D4040 is a high performance BiCMOS device 
that provides data encoding, decoding, and synchroni- 
zation for data storage systems that use RLL 1,7 
encoding formats. Data rates from 20 to 64 Mbit/sec 
can be programmed using an internal DAC whose 
reference current is set by a single external resistor. 
Data synchronization is performed by a fully integrated 
PLL with an advanced zero-phase restart technique 
that minimizes PLL acquisition time. The PLL is fully 
differential for maximum performance and noise rejec- 
tion. For increased system flexibility, the 32D4040 
includes inputs for four loop filter damping resistors. 
These resistors can be switched (using the serial port 
interface) to change the loop filter characteristics in a 
zoned recording application. 

The 32D4040 utilizes an advanced BiCMOS process 
technology along with advanced circuit design tech- 
niques which result in a high performance device with 
low power consumption. 
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Advance Information 



January 1993 



FEATURES 



Programmable data rates from 20 to 64 Mbit/s 
High performance dual-bit NRZ interface 
Integrated 1,7 RLL Encoder/Decoder 
Fast acquisition phase lock loop with zero 
phase restart technique 
Fully integrated data separator 

- No external delay lines or active devices 
required 

- No external active PLL components 
required 

Programmable decode window symmetry 
control via serial port 

- Window shift control ± 30% (4-bit) 

- Includes delayed read data and VCO clock 
monitor points 

Programmable write precompensation (3-bit) 

Low power operation (550 mW max., < 400 mW 

nom., < 50 mW sleep mode) 

Power supply range (4.3 to 5.5V) 

Small footprint 36-lead SOM-FP package 
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FUNCTIONAL DESCRIPTION 

The 32D4040 circuit provides complete encoding, 
decoding, and synchronization for RLL 1 ,7 format data. 
In the read mode, the circuit performs sync field search 
and detect, data synchronization, and data decoding. 
In the write mode, the circuit provides data encoding 
and write precompensation for NRZ data applied to the 
NRZO/1 pins. Data rate is established by the external 
reference frequency applied to FREF/FREF and an 
internal DAC (IDAC). The DAC generates a reference 
current which sets the VCO center frequency, the 
phase detector gain, and the 1/3 cell delay. The VCO 
center frequency is determined by the following 
equation: 

FVCO = 1/TVCO 

Where TVCO = 1.64 + (0.163RR/DACI); TVCO in 
nanoseconds, RR is the external RR value, and DACI 
is the value in programmed through the serial part for 
DACI. 

The circuit employs a dual mode phase detector; 
harmonic in the read mode and non-harmonic in the 
write and idle modes. In the read mode the harmonic 
phas e dete ctor updates the PLL with each occurrence 
of a DRD pulse. In the write and idle modes the 
non-harmonic phase detector is continuously enabled, 
thus maintaining both phase and frequency lock onto 
the reference frequency of the internal time base 
generator. By acquiring both phase and frequency lock 
to the input reference frequency and utilizing a zero 
phase restart technique, the VCO transient is minimized 
and false lock to DLYD DATA is eliminated. The phase 
detector incorporates a charge pump in order to drive 
the loop filter directly. The polarity and width of the 
output current pulses correspond to the direction and 
magnitude of the phase error. The data synchronizer 
requires an external passive loop filter to control its PLL 
locking characteristics. The filter is fully-differential and 
balanced in order to suppress common mode noise 
which may be generated from the time base generator's 
PLL. 

The read gate (RG) and write gate (WG) inputs control 
the device operating mode. RG is an asynchronous 
input that should be initiated at the start of the preamble 
pattern. It may be terminated at any position on the 
disk. WG is also an asynchronous input that can be 
initiated at any position on the disk. WG should not be 
terminated prior to the last output write data pulse. 



READ MODE 

The data synchronizer utilizes a fully integrated fast 
acquisition PLL to accurately develop the decode 
window. Read gate (RG) initiates the PLL locking 
sequence and selects the PLL reference input; a high 
level (read mode) selects the internal RD input and a 
low level selects the reference clock. In the read mode 
the falling edge of DRD* enables the phase detector 
while the rising edge is phase compared to the rising 
edge of t he VC O reference (VCOR.) As depicted in 
Figure 3, DRD is a 1/3 cell wide (TVCO) pulse whose 
leading edge is defined by the falling edge of RD. A 
decode window is developed from the VCOR clock. 

Preamble Search 

RG is asserted to initiate the preamble search. When 
RG is asserted, an internal counter is triggered to count 
positive transitions of the incoming read data, RD/RD 
(looking for 3 consecutive 3T preambles). Once the 
counter reaches count 3 (3 consecutive transitions 
detected) the internal read gate is enabled. This s witches 
the phase detector reference fr om th e FREF/FREF 
input to the delayed read data (DRD) signal. At the 
same time an internal zero ph ase re start signal restarts 
the VCO in phase with the DRD. This prepares the 
VCO to be synchronized to data when the bit sync 
circuitry is enabled after VCO lock is established. Refer 
to Figure 5 for a detailed timing diagram. 

VCO Lock and Bit Sync Enable 

While the counter counts an additional sixteen (16) 
DRD transitions (a total of 1 9 x 3T from assertion of RG) 
an internal VCO lock signal is asserted. The VCO lock 
signal activatesthedecoderbit synchronization circuitry 
to define the proper decode boundries. The following 
3T patterns are used to set the proper decode window 
until it has been acquired so that VCO is in sync with 
RCLK and RCLK is in sync with the data. After the 
additional 16 transitions, the NRZO/1 output is enabled 
and the data is toggled through the decoder for the 
duration of the RG. 

When the decode window is determined, the i nternal 
RCLK source is also switched from the FREF/FREF 
input to the VCO clock signal that is phase locked to 
DRD. During the internal RCLK swicthing period the 
external RCLK signal may be held for a maximum of 2 
NRZ clock periods, however no short duration glitches 
will occur. 
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Window Shift 

Shifting the phase of the VCO clock effectively shifts 
the relative position of the DRD pulse within the decode 
window. Decode window control is provided via the 
WS control bits of the Window Shift (WS) register. 
Further description of the WS register is provided in 
section 5.5. 

NON-READ MODE 

In the Non-Read modes, the PLL is locked to the 
reference clock. This forces the VCO to run at a 
frequency which is very close to that required for 
tracking actual data When the reference input to the 
PLL is switched, the VCO is stopped momentarily, then 
restarted in an accurate phase alignment with the next 
PLL reference input pulse. By minimizing the phase 
alignment error in this manner, the acquisition time is 
substantially reduced. 

WRITE MODE 

In the Write mode the circuit converts NRZ data from 
the controller into 1,7 RLL formatted data for storage 
on the dis k. Wr ite mode is entered by asserting the 
write gate (WG) low while the RG is held low. During 
write mode the VC O and the RCLK are referenced to 
the external FREF/FREF input signal. 



When WG is asserted, the NRZO/1 pins should be held 
low while the 32D4040 generates the 3T preamble 
pattern. 3T patterns will be generated as long as the 
NRZO/1 pins are both held low. While the preamble is 
being written the encoder is active. Therefore, WCLK 
must be toggling and NRZO/1 must be held low ("0".) 
The f irst non zero NRZO/1 input bit indicates the end of 
the preamble pattern. After a delay of 5-6 WCLK time 
periods, non-preamble data begins to toggle out WD/ 
WD. At the end of the write cycle, 3 WCLK periods of 
blank NRZ data are required to insure the encoder is 
flushed of data before the WG can be transitioned low. 
WD/WD stops toggling a maximum of 1 WCLK time 
period after WG goes low. Reference Figure 6 for 
detailed timing information. 

Direct Write Function: The 32D4040 includes a 
Direct Write (DW) function that allows the NRZO data to 
bypass the encoder and write precomp circuitry. When 
the DW bit is driven low, the data applied to NRZO will 
bypass the encoder and write precomp and directly 
control the write data flip-flop. This allows the user to 
perform DC erase and media tests. 



TABLE 1 : Mode Control 



WS 


RG 


MODE 


1 





IDLE - VCO locked to FREF/FREF input. RCLK 
synchronized to FREF/FREF. NRZO and NRZ1 are 
tri-stated. 


1 


1 


READ MODE - Preamble search and PLL acquisition 
on data applied to RD/RD. VCO switched to DRD after 
first 3 transitions on RD/RD. After 1 9 transitions on RD/ 
RD, RCLK switched to VCO and NRZ0/NRZ1 are 
active. 








WRITE MODE - Preamble^generated and write data 
encoded. VCO is locked to FREF/FREF. RCLK is 
driven by FREF/FREF. WD/WD are active^. 





1 


UNDEFINED - Illegal state. 
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FUNCTIONAL DESCRIPTION (continued) 
LOOP FILTER 

The 32D4040 employs a differential loop filter for 
maximum noise supression. The charge pump sinks 
current from one side of the f ilter while sourcing current 
to the other side of the filter depending on the sign of the 
phase error. A common mode feedback circuit is 
employed to keep the output levels of the filter centered 
about VPA/2. The damping characteristics of the loop 
filter are determined by resistors connected to FO, F1 , 
and F2. The internal FET switches between FO, F1 , 
and F2 are enabled by bits in the Filter Control (FC) 
register. The external resistors can be switched-in to 
change the damping characteristics of the loop filter. 

POWER CONTROL 

For power management, the PWR pin can be pulled 
low to disable power to the device . Register information 
is retained during the sleep mode so it is not necessary 
to reprogram the serial port registers after returning to 
an active mode. 



SERIAL INTERFACE OPERATION 

The serial interface is a write only port for programming 
the internal registers of the 32 D4040. For data transfers 
SDEN is brought high, serial data is presented at the 
SDATA pin, and a serial clock is applied to the SCLK 
pin. After the SDEN goes high, pulses applied to the 
SCLK pin will shift the data presented at the SDATA pin 
into an internal shift register on the falling edge of each 
clock. The internal shift register will continue to shift 
data through as long as SDEN is high and SCLK is 
toggling. The last 8 data bits in the shift register are 
latched on the falling edge of SDEN. 

All transfers are shifted into the serial port MSB first. 
The first 4-bits of the transfer are the address 
information. Table 1 provides register mapping 
information. The second 4-bits contain the programming 
data. At initial power-up, the contents of the internal 
registers will be in an unknown state and they must be 
programmed prior to operation. During power down 
modes, the serial port remains active and register 
programming data is retained. 



SDEN 



SDATA 



A3 


A2 


A1 


AO 


D3 


D2 


D1 


DO 



SCLK 



FIGURE 1: Serial Port Data Transfer Format 
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TABLE 2: Serial Port Register Map 



A3 


A2 


A1 


AO 


D3 


D2 


D1 


DO 


REGISTER 











1 


WSD 


FS2 


FS1 


FSO 


Filter Control 








1 





TM 


WP2 


WP1 


WPO 


Write Precomp 








1 


1 


W3 


W2 


W1 


WO 


Window Shift 





1 


1 





BYP 


16 


15 


14 


ID AC upper bits 





1 


1 


1 


13 


12 


11 


10 


ID AC lower bits 



During normal operation TM should be set to logic 
value "0." AC performance may be somewhat 
compromised if TM is set to "1 ." This bit is used during 
wafer probe to help measure key voltage levels inside 
the circuit. Also when the TM bit is set to "1" the write 
flip-flop is bypassed. 

When BYP is set to "1," the write precomp circuit is 
bypassed, except for the write flip-flop, which is 



controlled by TM. In addition the window shift function 
is controlled by the BYP bit. In order to minimize jitter 
in the synchronization, the window shift circuit should 
be bypassed when the magnitude of window shift is set 
to 0. This is what occurs when BYP is set to "0."To allow 
more accurate testing of the jitter and timing offsets 
introduced by the window shift circuitry, the window 
shift circuitry is not bypassed when BYP is set to "1 ." 
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PIN DESCRIPTION 
POWER SUPPLY PINS 



NAME 


TYPE 


DESCRIPTION 


VPA1 




+5V analog power supply pin 


VPA2 




+5 V analog power supply pin 


VPD 




TTL buffer I/O digital power supply pin 


AGND 




Analog ground pin 


DGND 




Digital ground pin 


SGND 




Substrate ground pin 


INPUT PINS 


DW 




DIRECTWRITE: TTL compatible. A low level on this input will allow the data 
provided on NRZO to directly clock the write data flip-flop. This pin has an 
internal pull-up. 


EPD 




ENABLE PHASE DETECTOR: TTL compatible. A low-level disables the 
phase detector and places the VCO in a coast mode. The VCO will run at the 
frequency determined by the voltage across FP and FN. In this mode, FREF/ 
FREF is used as the internal clock for all other functions. 


FREF/FREF 




REFERENCE FREQUENCY: Pseudo-ECL. A differential reference fre- 
quency of 1 .5x the data rate should be dc-coupled into these pins. 


RR 




REFERENCE RESISTOR INPUT: An external 1 % resistor is connected from 
this pin to AGND to establish a precise internal reference current for the IDAC. 
The value of this external resistor should be 4.75k. The voltage at this pin 
should be both temperature and supply compensated at 1 .5 volts. 


PWR 




POWER: TTL compatible. A low level places all circuitry (except serial port) in 
a low power sleep mode. 


RD/RD 




READ DATA: Differential pseudo-ECL. Encoded read data input from the 
pulse detector device. 


RG 




READ GATE: TTL compatible read gate input. A high level TTL input selects 
the RD input as the phase detector source and enables the read mode. A low 
level selects the FREF input as the phase detector source. See Table 1 . 


WCLK 




WRITE CLOCK: TTL compatible. Must be synchronous with the Write Data 
NRZ input. For short cable delays, WCLK may be connected directly to pin 
RCLK. For long cable delays, WCLK should be connected to an RCLK return 
line matched to the NRZ data bus line delay. 


WG 




WRITE GATE: TTL compatible. A low level TTL input enables the write mode. 
See Table 1 . 



4-90 



SSI 32D4040 
Data Sync/1,7 RLL ENDEC 



OUTPUT PINS 



NAME 


TYPE 


DESCRIPTION 


unu 


n 


DPI AYFn RFAn RATA TFQT POINT- Hnon omittor FPI toct nnint Thic 

signal represents that output of the 1/3 cell delay element. In read mode, the 
phase detector compares the positive edge of this signal to the positive edge 
of the VCO reference Two external resistors are required to use this pin. They 
should be removed during normal operation to reduce power dissipation. 




r\ 
\J 


rntvjutiNOT ntrtntiNOt tiNAtJLt. i iL cornpauuie. vvnen mis pin is 
high, the FREF/FREF clock is enabled internally. This pin goes low (internally 
disabling the FREF/FREF clock) when RG is active, 19 x 3T patterns have 
been detected, and the VCO output is switched over as the source for RCLK. 
This signal can be used to disable the external reference source for improved 
jitter performance. 


RCLK 





READ REFERENCE CLOCK: TTL compatible. During a mode change, no 
glitches are generated and no more than one lost clock pulse will occur. When 
RG goes high, RCLK initially remains synchronized to FOUT/3. When the 
Sync Bits are detected, RCLK is synchronized to the Read Data. When RG 
goes low, RCLK is synchronized back to the FOUT/3. 


SD 





SYCHRONIZED DATA TEST POINT: Open emitter ECL test point. The 
positive edges of this signal represent the data out of the synchronizer. Two 
external resistors are required to use this pin. They should be removed during 
normal operation to reduce power dissipation. 


VCO_REF 





VCO REFERENCE TEST POINT: Open emitter ECL test point. This signal 
represents that VCO reference intput to the phase detector. Two external 
resistors are required to use this pin. They should be removed during normal 
operation to reduce power dissipation. 


WD/WD 





WRITE DATA: Differential pseudo-ECL. Output of the write data flip-flop that 
is synchronized to the FREF/FR EF reference clock. When direct write is active 
WD/WD is directly controlled by the data on NRZO. 


BIDIRECTIONAL PINS 


FO, 1,2 


I/O 


LOOP FILTER RESISTORS: Loop filter damping resistors are connected to 
these pins to establish the loop characteristics. Internal FETs can be enabled 
to connect the resistors to the FN side of the VCO. The f ilter control register 
is programmed to select the desired resistor(s). 


FP/FN 


I/O 


PLL LOOP FILTER: These pins are the connection points for the loop filter. 
FP is the positive output of the phase detector, FN is the negative output of the 
phase detector. The effective VCO voltage is FP - FN. 


NRZO/1 


I/O 


NRZ DATA PORT: TTL compatible. Read data outputs when RG is high. 
Write data inputs when WG is high. 
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PIN DESCRIPTION (continued) 
SERIAL PORT PINS 



NAME 


TYPE 


DESCRIPTION 


SDEN 


I 


SERIAL DATA ENABLE: Serial enable TTL compatible input. A high level 
input enables the serial port. 


SDATA 


I 


SERIAL DATA: Serial data TTL compatible input. NRZ programming data for 
the internal registers is applied to this input. 


SCLK 


I 


SERIAL CLOCK: Serial clock TTL compatible input. The clock applied to this 
pin is synchronized with the data applied to SDATA. 



ELECTRICAL SPECIFICATIONS 

Unless otherwise specified, the recommended operating conditions are as follows: 4.5V < POSITIVE 
SUPPLY VOLTAGE < 5.5V, 0°C < T (ambient) < 70°C, and 25°C <T(junction) < 135°C. Currents flowing into 
the chip are positive. Current maximums are currents with the highest absolute value. 



ABSOLUTE MAXIMUM RATINGS 

Operation beyond the maximum ratings may damage the device. 



PARAMETER 


RATING 


Storage Temperature 


-65 to 150°C 


Junction Operating Temperature 


+135°C 


Positive Supply Voltage (Vp) 


-0.5V to 7V 


Voltage Applied to Logic Inputs 


-0.5V to Vp+0.5V 


All other Pins 


-0.5V to Vp+0.5V 



POWER SUPPLY CURRENT AND POWER DISSIPATION 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


ICC (VPn) 


Outputs and test point pins open 
Ta = 27 °C, VP = 5.5 V, 64 Mbit/s 
PWR = 1 






100 


mA 


PWR 

Power Dissipation 


Outputs and test point pins open, 
Ta = 27°C, VP = 5.5 V, 64 Mbit/s 
PWR = 1 






550 


mW 


Sleep Mode Power 


PWR = 






10 
55 


mA 
mW 
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DIGITAL INPUTS AND OUTPUTS 



TTL Compatible Inputs 

Inputs will float high "1" if left open. 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


Input low voltage 


VIL 




-0.3 




0.8 


V 


Input high voltage 


VIH 




2.0 




VPD+0.3 


V 


Input low current 


IIL 


VIL=0.4V 






-0.4 


mA 


Input high current 


IIH 


VIH = 2.4V 






100 


uA 


TTL Compatible Outputs 


Output low voltage 


VOL 


IOL = 4.0 mA 






0.5 


V 


Output high voltage 


VOH 


IOH = -400 uA 


2.4 






V 


PECL Input Levels 

(FREF/FREF and RD/RD) 


Input high voltage 


VIH 




VIL+0.5 




VPA-0.5 


V 


Input low voltage 


VIL 




VPA-2.2 




VIH-0.5 


V 


Input low current 


VIL = min 


-100 






MA 


Input high current 


VIH = max 






100 


uA 


Differential input voltage 


|RD - RD| or 
|FREF- FREF| 


0.5 






Vpp 


PECL output levels 

(WD/WD) 


Output high level 


511Q to AGND, VPA = 5.0V 






VPD-0.7 


V 


Output low level 


51 1£2 to AGND, VPA = 5.0V 


VPD-2.1 






V 


Differential output voltage 


|WD - WD| 


1.6 




2.4 


Vpp 


Test point output levels 

(DRD, SD, VCO_REF) 


Output high level 


261 Q to VPA, 402^ to AGND 
VPA = 5.0V 


VPA-1.02 






V 


Output low level 


261 Q. to VPA, 402Q to AGND 
VPA = 5.0V 






VPA-1.62 


V 
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ELECTRICAL SPECIFICATIONS (continued) 

SERIAL PORT 

(Refer to Figure 2) 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


SCLK period 




100 






ns 


SCLK low time TCKL 




40 






ns 


SCLK high time TCKH 




40 






ns 


Enable to SCLK TSENS 




-25 




25 


ns 


SCLK to disable TSENH 




-25 




25 


ns 


Data set-up time TDS 




25 






ns 


Data hold time TDH 




25 






ns 


DATA SEPARATOR CHARACTERISTICS 
Read Mode 


Read data pulse width TPRD 




6 




TVCO-6 


ns 


Read data rise time TRRD 


20 to 80%, CL< 10 pF 






3 


ns 


Read data fall time TFRD 


80 to 20%, CL< 10 pF 






3 


ns 


Read clock rise time TRRC 


0.8 to 2.0V, CL< 15 pF 






5 


ns 


Read clock fall time TFRC 


2.0 to 0.8V, CL< 15 pF 






5 


ns 


RCLK high time THRC 


2.0V, CL< 15 pF 


13 






ns 


RCLK low time TLRC 


0.8V, CL< 15 pF 


13 






ns 


RCLK re-sync time 




TORC 




2TORC 


ns 


NRZ out set-up and 

hold time TNS, TNH 




10.0 






ns 


1/3 cell delay 


TD=0.5*TVCO 


0.9TD 




1.1TD 


ns 


Note: TVCO = 1.64 + (0.1 63-RR/DACI) 
RR = 4.75 kQ 

Write Mode 


Write data rise time TRWD 


20 to 80%, 110Qto VPD 
160H to AGND 






3 


ns 


Write data fall time TFWD 


80 to 20%, 110Qto VPD 
160Q to AGND 






3 


ns 


Write data clock rise time TRWC 


0.8 to 2.0 V, CL<15pF 






10 


ns 


Write data clock fall time TFWC 


2.0 to 0.8 V, CL< 15 pF 






8 


ns 


NRZ set-up time TSNRZ 




5 






ns 


NRZ hold time THNRZ 




5 






ns 
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Data Synchronization 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


VCO center frequency 

period TVCO 


TVCO = 1.64 + (0.163-RR/DACI) 
RR = 4.75 kn, FP = FM = 2.5V 


0.9TVC0 




1.1 TVCO 


ns 


VCO dynamic range 


-2.0V < FP-FM < +2.0V 


±28 




±45 


% 


VCO control gain KVCO 


coi =2tc/TVCO 

-2.0V < rr-rN < +2.0V 


0.12 coi 




0.18 coi 


rad/(V-S) 


Phase detector gain KD 


RD = 3T pattern 

KD = 0.106-DACI/(6tiRR); 

Non-Read: 

KD = 0.106-DACI/(4tu-RR) 


0.83 KD 




1.17 KD 


A/rad 


KVCO x KD product accuracy 




-26 




+26 


% 


VCO phase restart error 




-0.05»TVCO 




+0.05»TVCO 


ns 


Decode window center accuaracy 




-0.03'TVCO 




+0.03-TVCO 


ns 


Decode window width 




0.97»TVCO 






ns 


On resistance from FN 

to Fn RSON 


FSn = 1 

n = 0, 1, or 2 






20 


Q 


Off resistance from FN 

to Fn RSON 


FSn = 
n = 0, 1, or 2 


10M 






ft 



SDEN 



TSENS 



SCLK 



SDATA 



V 



TDS 



TSENH 



TDH 



TCKH 



FIGURE 2: Serial Port Timing 
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ELECTRICAL SPECIFICATIONS (continued) 
WINDOW SHIFT CONTROL 

Window shift magnitude is set by the value in the Window Shift (WS) register which is at address 001 1 . The WS 
register bits are as follows: 



BIT 


NAME 


FUNCTION 





wso 




1 


WS1 




2 


WS2 




3 


WS3 





The window shift magnitude is set as a percentage of the decode window, in 2% steps. The tolerance of the window 
shift magnitude is ±15%. Window shift should be set during idle mode or write mode. 



WS3 


WS2 


WS1 


wso 


Shift Magnitude 














No shift 











1 


2% (minimum shift) 








1 





4% 








1 


1 


6% 





1 








8% 





1 





1 


10% 





1 


1 





12% 





1 


1 


1 


14% 













16% 










1 


1.8% 







1 





20% 







1 


1 


22% 




1 








24% 




1 





1 


26% 




1 


1 





28% 




1 


1 


1 


30% (maximum shift) 



The window shift direction is set by bit 3 (WSD) in the 
WP register at address 001 0. A "1 " sets a positive shift, 
a "0" sets a negative shift. For normal operation, the 
"BYP" bit in the serial port should be set to "0." This 
allows the window shift circuit to detect the No shift 
condition and bypass the window shift circuit. This will 



tend to minimize window loss and shift in the normal 
operating mode. When "BYP" is set to "1 ," the window 
shift circuit does not detect the no shift condition and 
uses the window shift circuitry. This is useful when 
testing the device. 
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WRITE PRECOMP CONTROL 

Write precomp magnitude is set by the value in the Write Precomp ( WP) register at address 00 1 0. The WP register 
bits are as follows: 



BIT 


NAME 


FUNCTION 





WO 




1 


W1 




2 


W2 




3 


TM 


Test Mode 




The write precomp magnitude is calculated as: 

TPC = 



n x 0.04 x TREF 



where n = precomp magnitude scaling factor as shown below. TREF is the period of the reference frequency of 
the input signal provided at FREF/FREF. 



W2 


W1 


WO 


Precomp Magnitude Scaling Factor 











No precomp 










1 


1X 









1 





2X 









1 


1 


3X 






1 








4X 






1 





1 


5X 






1 


1 





6X 






1 


1 


1 


7X (maximum) 




BIT 


BIT 


BIT 


BIT 


BIT 


BIT N 


N-2 


N-1 


N 


N+1 


N+2 


COMPENSATION 


1 





1 





1 


None 








1 








None 


1 





1 








Early 








1 





1 


Late 



Late = Bit N is time shifted toward the N+1 bit by the programmed magnitude 
Early = Bit N is time shifted toward the N-1 bit by the programmed magnitude 

When the "BYP" bit in the serial port is set to "1," the precompensation circuitry is bypassed. For the 
precompensation circuit to function the "BYP" bit must be set to "0." 
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TABLE 2: 1,7 RLL Encode 



NRZ DATA 






ENCODED WRITE DATA 


PRESENT 




NEXT 






CODE 


BITS 




r> ITO 
DUO 






BITS 















1 





1 
















1 




1 





1 


1 


o 






1 


1 


1 


1 









1 


1 














1 


1 








1 





1 


1 


1 













1 





1 








1 


1 





1 


1 








1 


1 


1 










1 1 














1 


1 1 


1 








1 





1 1 





1 





1 





i 1 


1 


1 





1 






TABLE 3: 1,7 RLL Decode 



ENCODED READ DATA 








DECODED DATA 


Previous 




Present 






Next 






Y Y 


Y 


Y 


Y 


Y 


Y 


D 


D 


2' 3' 


1 


2 


3 


1 


2 


1 


2 





















1 


1 





















1 


















1 




1 












1 


1 





1 











1 


1 















1 





1 



















1 


1 





1 



















1 


1 










1 











1 













1 

















1 









1 


1 








1 












1 








1 














1 





1 






1 
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TABLE 4: Clock Source and Frequency vs. Mode 







vco 




DECODE 


ENCODE 




WG 


RG 


REF 


RCLK 


CLOCK 


CLOCK 


MODE 


1 





FREF 


2FREF/3 


FREF 


FREF 


IDLE 


1 


1 


DRD 


2VCO/3 


VCO 


FREF 


READ 








FREF 


2FREF/3 


FREF 


FREF 


WRITE 



NOTE 1 
NOTE 2 
NOTE 3 
NOTE 4 



Until the VCO locks to the new source, the VCO entries will be FOUT. 
Unti l the VCO locks to the new source, the 2VCO/3 entries will be FOUT/3. 

WG =0; RG = 1 is an indeterminate state. 

FREF = External reference applied to FREF/FREF. 



RCLK 



NRZOUT 



-Trd- 



• Torc ■ 



Tns 



—1.5V 



Tfrc- 



— * [«- TRRC--*j 



Tnh 



FIGURE 3: NRZ Read Timing 



WCLK 



NRZIN 



- Towc - 



■^TSNRZ- 



1.5V 

Tfwc- 



|*- Trwc — *j 



-Thnrz-^ 



1.5V 



WD 



-*— Twd 



r 

Tfwd \ 



Trwd 



FIGURE 4: WD and NRZ Write Timing 
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1,7 CODE 
DATA 

RD 



DRD 



1/3CELL- 



VCO 



PHASE DETECT 
ENABLE (internal) 



RCLK 



I DECODE 
WINDOW 



| NRZ DUAL BIT 
CELL 



FIGURE 5: Data Synchronization Waveform 



NRZ DATA 



X - X - X 



PREVIOUS CODE p PRESENT NEXT CODE WORD 

WORD LAST BIT CODE WORD FIRST BIT 



FIGURE 6: NRZ Data Word to 1,7 Code Word Bit Comparison 

(Reference Tables 2 & 3 for encode/decode scheme) 
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RG 



H 



1 NRZ (min) 



1 NRZ (min) 



H 



WG 
(internal) 



NRZIN 
WE) 

FLTR 

FOEN 

VCO 
SOURCE 



38 NRZ (min) 



3 x 3T DELAY 
(max) 



5 NRZ (max) 



innnnnr 



innnnr''oir 



PREAMBLE . 
19x3T 



L_J 5 NRZ PAD 
1 TO FLUSH 
ENCODER 



ENCODE 
DATA 



SOURCE VCO/3 



•FREF 



FREF/3 

2 NRZ (max) 



FIGURE 7: Write Data Operation 
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RG 



RG 
(internal) . 



TO 



ZERO PHASE 
RESTART . 



3x3T 



mnr 

1 00 1 00 1 00 



FLTR 



rL 



VCO LOCK 



RCLK 























XXX — - 


-XXX 


XX— XX xx-xx X 






2 NRZ (max) 


« — *j 2 NRZ (max) - — 2 NRZ (max) |* — »j 



BIT SYNC 
SEARCH . 



• DISABLE - 



- ENABLE - 



NRZOUT 



RCLK 
SOURCE . 









/X— x\ 











FREF CLOCK 



PHASE 
DETECTOR 
SOURCE • 



VCO CLOCK 



FREF 



-RD- 



INTERNAL 
COUNTER 








0| 3 


19 





FIGURE 8: Read Mode Locking Sequence 
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PACKAGE PIN DESIGNATIONS 

(Top View) 



THERMAL CHARACTERISTICS: Gja 



36-Lead SOM 



75°C/W 



CAUTION: Use handling procedures necessary 
for a static sensitive component. 




RD 


c 


1 


36 


1 


VPA2 


RD~ 


: 


2 


35 


3 


AGND 


PWEN 


L 


3 


34 


3 


EPD 


WG 


L 


4 


33 


3 


RR 


RG 


r 

L 


5 


32 


j 


SD 


WCLK 


C 


6 


31 


: 




T5W 


c 


7 


30 


: 


VCO_REF 


WD 


i 


8 


29 


: 


FP 


WD" 


L 


9 


28 


: 


FN 


NRZO 


L 


10 


27 


i 


F0 


NRZ1 


C 


11 


26 


j 


F1 


DGND 


C 


12 


25 


: 


F2 


VPD 


C 


13 


24 


: 


VPA1 


RCLK 


C 


14 


23 


: 


TD 


FOEN 


C 


15 


22 


: 


SDEN 


SGND 


c 


16 


21 


3 


SCLK 


FREF 


c 


17 


20 


: 


SDATA 


FREF 


c 


18 


19 


3 


PWR 



36-Lead SOM 



Advance Information: Indicates a product still in the design cycle, and any specifications are based on design goals only. Do not use for final 
design. 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data sheet 
is current before placing orders. 



Silicon Systems, Inc. 14351 Myford Road, Tustin, CA 92680, (714) 573-6000, FAX (714) 573-6914 



©1992 Silicon Systems, Inc. 
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DESCRIPTION 

The SSI 32D4661/4662 Time Base Generator pro- 
vides a programmable reference generator, channel 
filter control and data rate control for constant density 
recording applications. It is optimized to operate with 
the 32D53xx series data separators and contains a 
high performance programmable PLLfor 1 % reference 
frequency control. A 7-bit DAC, DACI is provided to 
program the IREF current which sets the data separator 
PLL operating center frequency. A 7-bit DAC, DACM 
is provided to program the 1 FD ET curre nt which sets the 
timing for the data separator synch field detect. Two 
additional 7-bit DACs are provided for programmable 
electronic filter (slimmer) control. DACS controls the 
boost while DACF controls the cutoff frequency of the 
electronic filter. A latched TTL output is provided to 
control filter multiplexer. A serial microprocessor 
interface reduces pin count and provides convenient 
access to the internal program storage registers. The 
32D4661/4662 only requires a +5V supply and is avail- 
able in 24-lead SO packages. 



December 1992 

FEATURES 

Not plug compatible with SSI 32D4660 

For constant density recording applications 

Reference frequency control 

Channel filter control 

Internal DAC available to program data 
separator data rate 

Internal DAC available to program data 
separator sync field detect timing 
Up to 72 MHz operation for the 32D4661 
Up to 108 MHz operation for the 32D4662 
1% frequency resolution 
No external active components required 
+5V only operation 
Low power mode 
24-lead SOL/VSOP package 




BLOCK DIAGRAM 




C Register 




N Register 




M Register 




I Register 


(1 bit) 




(7 bits) 




(8 bits) 




(7 bits) 




F Register 
(7 bits) 




S Register 
(7 bits) 





7 bit 
DAC 



REF 



7 bit 
DAC 



FOUT = FIN 



N + V 



DACF VR3 



Rx 



DACS 



1292 -rev. 
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PIN DESCRIPTION 



INPUT PINS 



NAME 


DESCRIPTION 


SDATA 


Serial Data. Data input for an 8-bit control shift register. The data packet is 
transmitted MSB (D7) first. The first four bits are the register address and the last four 
are its data bits. Registers larger than 4-bits must be loaded with two 8-bit data 
packets. These packets should be loaded sequentially in less than 10 us since the 
loading operation will cause output transients. With proper loop filter design, the 
output transients will recover within 1 ms. The data packet fields are given in 
Table 1. 


SCLK 


Serial Data Clock. Negative edge triggered clock input for the serial data. 


SDEN 


Serial Data Enable. A high level input enables data loading. The data is latched 
when the input is low. 


FOEN 


Frequency Output Enable. A high level input enables the FOUT output. A low level 
disables the output and minimizes the driven data separator jitter. 


OUTPUT PINS 


FOUT 


Frequency Output. An ECL output with internal current source. The low voltage swing 
which minimizes data separator jitter must be AC coupled to the data separator XTL1 
input. FOUT = [(M +1)/(N +1)]FIN where M = M Register number and N must be set 
to approximately 32D4661 : [(FIN) (256) / 72 MHz] - 1 ; 32D4662: [(FIN) (256) / 1 08 MHz] - 1 


DACM 


DAC Output. 7-bit DAC current sink output used to program timing current to the data 
separator sync field detect SDS pin. The current magnitude is controlled by the 7 
MSB's of the M Register and is compensated to minimize the sensitivity to power 
supply and temperature variations. If this output isn't required, the pin must be 
connected to VCC. 


DACI 


DAC Output. 7-bit DAC current source output used to program timing current for the 
data separator VCO center frequency. The current magnitude is controlled by the 
I Register and is compensated to minimize the sensitivity to power supply and 
temperature variations. 


DACF 


DAC Output. 7-bit DAC current output used for electronic filter control. The output 
current is set by the voltage at VR3, and the F Register number and an external 
resistor Rx. 


DACS 


DAC Output. 7-bit DAC voltage output used for electronic filter control. The output 
voltage is set by the voltage at VR3 and the S Register number. 


FCO 


Filter Control 0. TTL output used to control an external filter multiplexer. CO = H sets 
FC0 = H. 
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OUTPUT PINS (Continued) 



NAME 


DESCRIPTION 


FCLK 


Clock Output. Optional TTL output that may be used for a system clock. The output 
frequency is the same as the oscillator output frequency. For minimum FOUT jitter, this 
pin should be a no connect. 


ANALOG PINS 


XTL1 , XTL2 


Crystal Oscillator Connections. The circuit is designed to be used with an 8 MHz to 20 MHz 
crystal. If a crystal is not desired, XTL1 may be driven by a TTL source with XTL2 left open. 


VR1, VR2 


Current Setting Resistor Connections. An external resistor RR connected between VR1 
and VR2 sets the DACM and DACI currents. 


VR3 


Reference Voltage Input. An external 2.2V supply sets the reference forthe DACS voltage. 


IR 


Reference Current Input. An external resistor Rx, connected from IR to VR3 reference 
voltage sets the reference current for the DACF current. 


FLTR 


PLL Loop Filter Connection. Connection for loop filter components R1 , C1 and C2. 


DGND, AGND 


Digital and Analog Ground 


VCA, VCB 


Analog +5V Supplies 


VCD 


Digital +5V Supply 



TABLE 1 : Data Packet Fields 



ADDRESS BITS 


USAGE 


DATA BITS 


D7 


D6 


D5 


D4 


D3 


D2 


D1 


DO 





1 


1 





I REGISTER 


X 


16 


15 


14 





1 


1 


1 


I REGISTER 


13 


12 


11 


10 













S REGISTER 


X 


S6 


S5 


S4 










1 


S REGISTER 


S3 


S2 


S1 


SO 







1 





F, C REGISTER 


CO 


F6 


F5 


F4 







1 


1 


F REGISTER 


F3 


F2 


F1 


F0 




1 








M REGISTER 


M7 


M6 


M5 


M4 




1 





1 


M REGISTER 


M3 


M2 


M1 


MO 




1 


1 





N REGISTER 


X 


N6 


N5 


N4 




1 


1 


1 


N REGISTER 


N3 


N2 


N1 


NO 



X = Don't care bit. 
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ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 

Operation above maximum ratings may damage the device. 



PARAMETER 


RATING 


Storage Temperature 


-65to+150°C 


Junction Operating Temperature, Tj 


+150°C 


Supply Voltage, V(iA, VCB, VCD 


-0.5to7V 


Voltage Applied to Logic Inputs 


-0.5 to 5.5V 


Maximum Power Dissipation 


540 mW 


RECOMMENDED OPERATING CONDITIONS 


PARAMETER 


RATING 


UNITS 


Supply voltage, VCA = VCB = VCD 


4.65 to 5.35 


V 


Junction Temperature, Tj 


0<Tj<135 


°c 


Ambient Temperature, Ta 


0<Ta<70 


°c 



ELECTRICAL CHARACTERISTICS 

Unless Otherwise Specified: Recommended operating conditions apply 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


VIH 


High Level Input Voltage 




2.0 






V 


VIL 


Low Level Input Voltage 








0.8 


V 


IIH 


High Level Input Current 


VIH = 2.7V 






20 


uA 


ML 


Low Level Input Current 


VIL = 0.4V 






-1.5 


mA 


VOH 


High Level Output Voltage 


IOH = -400 uA 


2.4 






V 


VOL 


Low Level Output Voltage 


IOL = 2mA 






0.5 


V 


VOH 


FOUT ECL High Level 


VCD = 5V, VOH-VCD 


-1.02 






V 


VOL 


FOUT ECL Low Level 


VCD = 5V, VOL-VCD 






-1.45 


V 


ICC 


Power Supply Current 






77 


103 


mA 


IO 


FOUT Output Current 






±4 




mA 


VO 


FOUT Output Swing 




0.6 






V 
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INPUT/OUTPUT CHARACTERISTICS 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNITS 


FIN 


FIN Frequency 




8 




20 


MHz 


FO 


FOUT Frequency 


32D4661 






72 


MHz 






32D4662 






108 


MHz 


JFO 


FOUT Jitter 


TO = 1/FO; FCLK active 






±400 


DS(Dk) 


DFO 


FOUT Duty Cycle 


50% Amnlitudp 
32D4661:FOUT = 72 MHz 
32D4662: FOUT =108 MHz 


42 




58 


% 


F 


F Register Number 









127 




S 


S Register Number 









127 


- 


M 


M Divide Number 




80 




255 




N 


N Divide Number 


32D4661 


25 




127 


- 






32U46o2 


18 




127 




I I Register Number 




oU 




It/ 




RR 


External Resistor 




a en 








TVCO 


VCO Center Frequency 
Period 


32D4661: TO=(6.17)(RR/M)+2.4 ns 
32D4662: TO=(4.08)(RR/M)+2.4 ns 

VOL» = OV, nn = £ \. fO Kia 

FLTR = 2.7V 
M = 100 


0.77TO 


TVCO 


1.23TO 


ns 


VCO Frequency Dynamic 
Range 


1\/ ^ PI TP ^ WPP n R\/ 

VCC = 5V, M = 100 


Xc.D 




-4-/1^ 


/o 


KVCO 


VCO Control Gain 


coi = 27T/TVCO 


0.14coi 




0.26coi 


rad/s V 


KD 


Phase Detector 


KD = (4.39E-3)M/RR 




KD 




A/rad 


IOM 


DACM Current 


IO = (1.641 E-2)M/RR 
VCC = 5V, TA = 25°C, 
RR = 4.75kQ 


0.95IO 
-1LSB 




1.05IO 
+1LSB 


A 


IOI 


DACJ Current 


IO = (7.57E-2)l/RR 
VCC = 5V, TA = 25°C, 
RR = 4.75kQ 


0.97IO 
-3/4LSB 




1.05IO 
+3/4LSB 


A 


IOF 


DACF Current 


IOF = 0.98 FM/127- IR 
VCC = 5V, Rx = 2.74 kQ 
Where IR = VR3/(4*Rx) or an 
external current source 


0.97IOF 
-3/4LSB 




1.03IOF 
+3/4LSB 


V 


VOS 


DACS Voltage 


VOS = 0.98 S*VR3/127 
VCC = 5V 


0.97VOS 
-3/4LSB 
+15 mV 




1.03VOS 
+3/4LSB 
+60 mV 


V 


VR3 


DAC Reference 




2.0 




2.4 


V 


IVR3 


VR3 Input Current 


VR3 = 2.2V 






1.0 


mA 
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INPUT/OUTPUT CHARACTERISTICS (Continued) 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNITS 


Rx 




2.5 




3.0 


kQ 


I, M DAC Current Tolerance 


RR = 4.75 kQ 
o u < i a < /o o 
4.65V < Vcc < 5.35V 


0.75 10 




1.25 IO 


A 


I, F, Differential Linearity 
M, S (Monotonicity) 


0°C<Ta<70°C 
4.65V < Vcc < 5.35V 


-1LSB 






- 


VODH DACM Output Voltage 




2.5 




VCC 


V 


VODL DACI Output Voltage 








2 


V 


VOFL DACF, DACS Output Voltage 




0.1 




2.4 


V 


ROUT DACF, DACS Output 
Resistance 








3.7 


kQ 


SCLK Data Clock Period, TC 




100 






ns 


TDD Data Set Up/Hold Time 
WRTto SCLK Falls 




25 






ns 


SDEN Rises Setup to SCLK Falls 











ns ; 


High Holds from SCLK Falls 











ns 


Falls Setup to SCLK Rises 




25 






ns 
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APPLICATIONS INFORMATION 

The serial port allows the user to program the internal 
registers of the 32D4661/4662 device. This port has 
been designed to operate with the serial port on most 
microcontrollers such as the 8051 . Silicon Systems 
also provides a serial port board that can be used to 
operate the serial interface. The serial port consists of 
three lines: enable (SDEN or SERMODE), data 
(SDATA), and clock (SCLK). During a serial data 
transfer, eight bits of data should be transferred to the 
selected device. The first four bits of data contain 
register address information while the last four bits 
contain the programming data. The timing consider- 



ations for the serial port are fairly straight forward (see 
Figure 1). The enable line is driven high to initiate the 
data transfer. While the enable line is high, the trans- 
mitting device should output eight clock pulses along 
with eight bits of synchronous programming data, four 
address bits followed by four data bits. The data is 
shifted internally on the falling edge of the clock pulses. 
To prevent false data from being latched in, only eight 
(8) clock pulses should be provided while the enable 
line is active. The falling edge of the enable input will 
latch the data into the internal registers and initiate the 
selected function. 

Note: it takes two transfers to load a single register. 








SDEN 
SCLK 
























SDATA 


A3 


A2 


A1 


AO 


D3 


D2 


D1 


DO 







FIGURE 1 : Serial Port Timing 



SDEN 



SDATA 



A3 A2 A1 AO D3 D2 D1 DO 



A3 A2 A1 AO D3 D2 D1 DO 



FIGURE 2: Serial Port Timing, Multiple Transfers 
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APPLICATIONS INFORMATION (continued) 



REFERENCE FREQUENCY OUTPUT: 

The 32D4661/4662 provides the reference frequency for the phase-locked loop (PLL) of a data separator. The 
required frequency is programmed using the M and N registers of the 4661/4662. 

32D4661: 

The value of the N register is determined by the oscillator that drives the 32D4661 according to the following 
equation: 

(Fin* 256) 



N= 



(72 MHz) 



-1 



For this application, using a 12 MHz oscillator (Fin) would yield an N integer value of 42. Although the value of 
N should be fixed according to the equation shown above, there is a tolerance of ± 1 integer so N can be set from 
41 to 43. (This is necessary as the phase detector frequency is fixed by Fin & N) Substituting N into the following 
equation and knowing the reference frequency required for each data rate allows for the determination of the M 
register value: 

rr ♦ ( M + 1 ) r~ 

Fout=-7 f -Fin 

(N+1) 

Since M must be an integer value, it may be necessary to change N values for each data rate to obtain the required 
output frequency. For example (for 3x reference clock), at 1 2 Mbit/s the required reference frequency is 36 MHz 
and using a value of N = 41 , yields an M value of 125. At 13 Mbit/s using the N value of 41 would require an M 
value of 1 35.5 to produce an output frequency of 39 MHz. Using M = 1 35 would give an output frequency of 38.86 
MHz while using an M value of 136 the output frequency would be 39. 14 MHz. If N is changed to 43 then a value 
of 143 for M would produce the required output frequency of 39 MHz. The required M and N values for some 
sample data rates are provided in the table that follows. 

TABLE 1 : M and N Register Programming Example 



DR (Mbit/s) 


Fout 


M 


N 


12 Mb/s 


36 MHz 


125 


41 


13 Mb/s 


39 MHz 


142 


43 


14 Mb/s 


42 MHz 


146 


41 


15 Mb/s 


45 MHz 


164 


43 



The N register is at address "1 1 1 0" for the MSBs and address "1111 " for the LSBs. The table that follows gives 
the required register programming information for the values of N. 



TABLE 2: Frequency Programming Information, N Register 



ADDRESS BITS 


DATA BITS 


FUNCTION 


D7 


D6 


D5 


D4 


D3 


D2 


D1 


DO 




1 


1 


1 





X 





1 





N Register MSBs for N = 41 


1 


1 


1 


1 


1 








1 


N Register LSBs for N = 41 


1 


1 


1 





X 





1 





N Register MSBs for N = 43 


1 


1 


1 


1 


1 





1 


1 


N Resgister LSBs for N = 43 
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APPLICATIONS INFORMATION (continued) 



The M register is at address "1 1 00"forthe MSB's and at address "1101 "forthe LSB's. The table that follows gives 
the required register programming information for the values of M based on the equation given above for Fout. 

TABLE 3: Frequency Programming Information, M Register 



ADDRESS BITS 


DATA BITS 


FUNCTION 


D7 


D6 


D5 


D4 


D3 


D2 


D1 


DO 

















1 


1 


1 


M Register = 125, 









1 


1 


1 





1 


Fout = 36 MHz 












1 











M Register = 142, 









1 


1 


1 


1 





Fout = 39 MHz 












1 








1 


M Register = 146, 









1 








1 





Fout = 42 MHz 












1 





1 





M Register = 164, 









1 





1 








Fout = 45 MHz 




32D4662: 

The value of the N register is determined by the oscillator that drives the 32D4662 according to the following 
equation: 

N - ( Fin ' 256 ) 1 
(108 MHz) 

Forthis application, using a 20 MHz oscillator (Fin) would yield an N value of 46.4. Although the value of N should 
be fixed according to the equation shown above, there is a tolerance of ± 1 integer so N can be set from 45 to 47. 
(This is necessary as the phase detector frequency is fixed by Fin & N) Substituting N into the following equation 
and knowing the reference frequency required for each data rate allows for the determination of the M register 
value: 

(M+1) 



Fout= 



(N+1) 



•Fin 



Since M must be an integer value, it may be necessary to change N values for each data rate to obtain the required 
output frequency. For example (for 3x reference clock), at 26 Mbit/s the required reference frequency is 78 MHz 
and using a value of N = 47, yields an M value of 186. At 28 Mbit/s using the N value of 49 would require an M 
value of 209 to produce an output frequency of 84MHz. M and N values for some sample data rates are provided 
in the table that follows. Note: the values for Fout are approximate. 

TABLE 4: M and N Register Programming Example 



DR (Mbit/s) 


Fout 


M 


N 


26 Mb/s 


78 MHz 


186 


47 


28 Mb/s 


84 MHz 


192 


45 


30 Mb/s 


90 MHz 


206 


45 


32 Mb/s 


96 MHz 


220 


45 
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APPLICATIONS INFORMATION (continued) 
REFERENCE FREQUENCY OUTPUT (32D4662) (continued) : 

The N register is at address "1 1 1 0" for the MSBs and address "1111 " for the LSBs. The table that follows gives 
the required register programming information for the values of N. 



TABLE 5: Frequency Programming Information, N Register 



ADDRESS BITS 


DATA BITS 


FUNCTION 


D7 


D6 


D5 


D4 


D3 


D2 


D1 


DO 




1 


1 


1 





X 





1 





N Register MSBs for N = 47 


1 


1 


1 


1 


1 


1 


1 


1 


N Register LSBs for N = 47 



The M register is at address "1 1 00" for the MSBs and at address "1101 " for the LSBs. The table that follows gives 
the required register programming information for the values of M based on the equation given above for Fout. 



TABLE 6: Frequency Programming Information, M Register 



ADDRESS BITS 


DATA BITS 


FUNCTION 


D7 


D6 


D5 


D4 


D3 


D2 


D1 


DO 














1 





1 


1 


M Register = 186, 









1 


1 





1 





Fout = 78 MHz 












1 


1 








M Register = 192, 









1 














Fout = 84 MHz 












1 


1 








M Register = 206, 









1 


1 


1 


1 





Fout = 90 MHz 












1 


1 





1 


M Register = 220, 









1 


1 


1 








Fout = 96 MHz 



LOOP FILTER FOR THE 32D4661/32D4662: 

The 32D4661/4662 requires a loop filter to control the PLL locking characteristics. While there are several types 
of filters that can be used to perform this function, a simple integrating filter has proven to be very effective (see 
Figure 3). To select the components for the loop filter, two considerations should be made. First, the acquisition 
time of the loop must be less than the minimum track-to-track seek time and second, the capacitor C1 should be 
low leakage (C1 < 1 .0 uF). The acquisition time of the loop is set-up to accommodate a zero phase restart and 
allow for 1% maximum phase error after phase acquisition. This yields a settling time of: t s = 5/co n . 

32D4661: 

Suppose FREF = 12 MHz, FOUT = 72 MHz, M = 251 

KVCO = (0.21 )(27t)(F out ) rad/s V (typ.), at 72 MHz KVCO 1 = KVCO/(M+1 ) = 3.8x 10 5 
KD = (4.39 E-3) M/RR A/rad @ RR = 4.75 KQ, KD = 2.32 x 10 4 
For a second order system, 
R1 = (2 x £ x co n )/(KVC0 1 x KD) where £ is the damping factor. 
C1 = (KVCO 1 x KD)/(co n 2 ) and C1/10 > C2 > C1/20 
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A damping factor of 0.7 to 1 .0 is suggested to prevent locking to harmonics while maintaining an acceptable lock 
time. At the maximum frequency selected, the damping factor of 1.0 should be considered thereby allowing the 
damping factor to drop as the frequency drops. 

If we start with co n = 2 x 10 4 , C1 can be calculated as 0.21 uF and C2 can be calculated as 0.01 to 0.02 uF. As 
mentioned above, the damping factor at the maximum frequency of 72 MHz should be 1 .0, so R1 is calculated as: 

R1 = (2 x 1 .0 x 2E4 )/(3.8E5 x 2.32E-4) = 454 Q 

These values will produce a loop settling time t s of 5/2 x 10 4 = 250 ps. 

The values calculated here are sample values that have been used in the lab and should be considered starting 
values. The values of R1 , C1 , and C2 can be further optimized to meet specific needs. 




32D4662: 

Suppose FREF = 12 MHz, FOUT = 100 MHz, M = 232 

KVCO = (0.21 )(27c)(F 0Ut ) rad/s V (typ.), at 1 00 MHz KVCO 1 = 5-7 x 10 5 

KD = (4.39 E-3)M/RR A/rad @ RR = 4.75 KQ, KD = 2.14x10' * 

For a second order system, 
R1 = (2 x £ x co n )/(KVC0 1 x KD) where £ is the damping factor. 
C1 = (KVCO 1 x KD)/(o) n 2 ) and C1/10 > C2 > C1/20 

A damping factor of 0.7 to 1 .0 is suggested to prevent locking to harmonics while maintaining an acceptable lock 
time. At the maximum frequency selected, the damping factor of 1 .0 should be considered thereby allowing the 
damping factor to drop as the frequency drops. 

If we start with co n = 2 x 10 4 , C1 can be calculated as 0.21 uF and C2 can be calculated as 0.01 to 0.02 uF. As 
mentioned above, the damping factor at the maximum frequency of 100 MHz should be 1 .0, so R1 is calculated as: 

R1 = (2 x 1.0 x 2E4 )/(5.7E5 x 2.14E-4) = 328Q 

These values will produce a loop settling time t s of 5/2 x 10 4 = 250 u.s. 

The values calculated here are sample values that have been used in the lab and should be considered starting 
values. The values of R1 , C1 , and C2 can be further optimized to meet specific needs. 

NOTE: For further information on the loop filter, 
consult the Data Synchronizer Family Applica- 
tion Notes in Section 4 of the Silicon Systems 
Storage Products data book. 




2 Single Rate 

FIGURE 3: Integrating 
Filter for the Phase Locked Loop 
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FIGURE 4: Typical 32D4661/4662 Application 
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PIN DIAGRAM 

(Top View) 
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DESCRIPTION 

The SSI 32P4664 is a high performance bipolar device 
that provides a programmable frequency reference 
and four internal control DACs to support hard disk 
drive applications that use zoned recording tech- 
niques. It is optimized for use with the 32P3000 family 
of pulse detector/filter devices and the 32P53X family 
of data separators. The frequency reference can be 
programmed up to 72 MHz with better than 1 % resolu- 
tion. The 7-bit DACs provide control of the 3 dB cutoff 
frequency and pulse slimming of the electronic filter, 
the hysteresis level of the pulse qualifier, and the 
center frequency of the data separator. A single 
latched TTL output is also provided to control switching 
of external loop filter components on the data separa- 
tor. A serial microprocessor interface reduces the pin 
count and provides convenient access to the internal 
program storage registers. The 32P4664 requires a +5 
VDC supply and is available in a 24-lead SO and VSOP 
package. 
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Advance Information 



January 1993 



FEATURES 



Programmable frequency output up to 72 MHz 

1% frequency resolution 

Differential PECL reference clock input (FREF) 

Differential PECL frequency reference output 
(FOUT) 

7-bit DAC for data separator center frequency 
control (DACI) 

7-bit DAC for filter Fc control (DACF) 

7-bit DAC for filter boost/equalization control 
(DACS) 

7-bit DAC for hysteresis level control (DACP) 
+5 VDC operation 

Available in small footprint 24-lead SO and 
VSOP packages 
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FUNCTIONAL DESCRIPTION 
FREQUENCY REFERENCE OPERATION 

The 32P4664 programmable frequency reference ac- 
cepts a differential P'ECL compatible clock source and 
generates a differential PECL compatible reference 
output (FOUT). The output frequency of FOUT is 
controlled by programming internal M and N counters 
to set up internal divide-by ratios. The 7-bit N register 
setsthe divide-by factor for the input clock source. This 
will determine the update frequency for the phase 
detector. The value of this register is set based upon 
the frequency of the input clock according to the 
following equation: 

N = [(FIN x 256)/72] - 1 

where FIN is in MHz 

The 8-bit M register sets the divide-by term forthe VCO 
reference clock feeding back into the phase detector 
and determines the center frequency of the VCO. The 
value set in the M register is independent of the input 
clock frequency. The value of the M register is deter- 
mined by the following equation: 

FOUT = [(M+1)/(N+1)]x FIN 
DAC OPERATION 

The output of each of the four 7-bit DACs is controlled 
by programming the associated register. In addition, 
each DAC has a reference input that determines the 
maximum DAC output. The following equations are 
used to calculate the DAC outputs: 

Idacf = (FREG x 4)/(127 x IR) mA 



SERIAL PORT OPERATION 

The 32P4664 provides a simple serial port interface 
that allows programming of the device's internal regis- 
ters. The write-only serial port is a three-line interface 
that requires an enable signal (SDEN) along with clock 
(SCLK) and data (SDATA) signals to program the 
internal registers of the 32P4664. Data is shifted into 
the registers in 8-bit bytes that are divided into four bits 
of address and four bits of data. To load data into the 
device, the enable pin (SDEN) is asserted for eight 
clock cycles during which data can be presented on the 
SDATA input pin. Data on the SDATA pin is clocked 
into the device on the falling edges of the clock signal 
provided on the SCLK pin. The falling edge of SDEN 
latches the data internally and initiates the function 
selected. To save power the serial port circuitry is 
powered down when the SDEN line is low. Because of 
this, there is a minimum set-up and hold time for the 
SDEN signal (refer to specifications.) Table 1 provides 
the address-to-function mapping forthe internal regis- 
ters. 



Idaci = (7.41 E-2 x IREGJ/RR mA, where RR is in kQ 
Vdacp = [2 x PREG x (VRP - (VCA - VR3))]/1 27 V 
Vdacs = (SREGx VR3)/127V 
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TABLE 1 : Data Packet Fields 





ADDRESS BITS 








DATA BITS 




D7 


Ub 


UO 


D4 




D3 


no 




DO 





1 








P Register 


X 


P6 


P5 


P4 


o 


1 


o 


1 


P Rpateter 


P3 


P2 


P1 


PO 


o 


1 


1 


o 


1 Register 


x 


16 


15 


14 





1 


1 


1 


1 Register 


13 


12 


11 


10 













S Register 


X 


S6 


S5 


S4 










1 


S Register 


S3 


S2 


S1 


SO 







1 





F,C Register 


CO 


F6 


F5 


F4 







1 


1 


F Register 


F3 


F2 


F1 


F0 




1 








M Register 


M7 


M6 


M5 


M4 




1 





1 


M Register 


M3 


M2 


M1 


MO 




1 


1 





N Register 


X 


N6 


N5 


N4 




1 


1 


1 


N Register 


N3 


N2 


N1 


NO 



SCLK 



SDEN 



Clocks data bit 1 JC 1 



l SDEN Setup wrt SCLK falls 



SDATA Setup SDATA Hold wrt SCLK falls 



wrt SCLK falls • 



SDATA 



D7 X D6 



D5 



SDEN Hold wrt SCLK falls r«— SDEN falls 
1 i i before next 
SCLK rise 



Loads data into register 



A 



D4 



D3 X D2 Y D1 X DO 



FIGURE 1: Serial Port Timing Relationship 
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PIN DESCRIPTION 
INPUT PINS 



NAME 


TYPE 


DESCRIPTION 


AGND 


1 


Analog ground pin. 


DGND 


1 


Digital ground pin. 


VCA.B 


1 


+5V analog power supply pins. 


VCD 


1 


+5V digital power supply pin. 


FOEN 


1 


This is a TTL compatible input that disables the output buffer of the FOUT pin. 
This function is used to reduce jitter when the reference output is not required. 


FREF/FREF 


1 


Reference clock inputs. An 8 to 20 MHz differential PECL reference clock is 
applied to these input pins. This serves as the reference for the internal PLL. 


IP 


l 


Roforonoo f*i i front Inni it Tho r*i irront annlioHtn thic nin nrw/iHoc tho roforonr'Ci 
ntJICI t?l V-»Ui 1 t?l 11 II IfJUl. 1 1 It? L>UI Id 11 appiicu IU U llo |JII 1 piUVIUco 11 It? 1 t?lt?l t?l lot; 

for DACF. 


SDATA 


I 


Sprial nort innnt riata Data innut for an 8-hit intprnal <;hift rpntetpr Thp data 
packet is transmitted MSB (D7) first. The first four bits are the register address 
and the last four bits are the data value. For loading data into both registers of 
a DAC orthe M and N counters, it is suggested that the registers be loaded with 
a minimum delay between packets to reduce the output transients. 


SCLK 


1 


Serial Data Clock. Serial data is clocked into the internal shift register on the 
falling edge of this input. 


SDEN 


1 


Serial Data Enable. A high level TTL input on this pin will enable the clocking 
of the internal shift register. The data in the shift register is latched on the falling 
edge of SDEN. 


VRP 


1 


Reference Input Voltage. The voltage applied to this pin establishes the 
reference for DACS. 


VR3 


1 


Reference Input Voltage. The voltage applied to this pin establishes the 
reference for DACP. 
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OUTPUT PINS 



NAME 


TYPE 


DESCRIPTION 


DACF 





Current DAC output. The output of this 7-bit current DAC is determined by the 
contents of the F register and the current applied to the IR pin. 


DACI 


O 


Current DAC output. The output of this 7-bit current DAC is determined by the 
contents of the I register and the resistor across the VR1/VR2 pins. 


DACP 





Voltage DAC output. The output of this 7-bit voltage DAC is determined by the 
contents of the P register. 


DACS 





Voltage DAC output. The output of this 7-bit voltage DAC is determined by the 
contents of the S register. 


FCO 





Filter Control Output. This is a latched TTL output that can be used to switch 
an external FET for changing the components of the data separator loop filter. 
When CO is set high ("1") in the F register, the FCO output will be high. 


FOUT/FOUT 





Frequency Output. A differential PECL frequency reference output that is 
determined by the M and N registers and the FREF/FREF input frequency. 
This output should be AC coupled into the reference input of the data separator 
device. 


ANALOG PINS 


FLTR 




PLL loop filter. An RC filter is connected to this pin to control the VCO voltage. 


VR1/VR2 




Current setting resistor. A resistor is connected between these pins to set the 
current reference for DACI. 
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ELECTRICAL SPECIFICATIONS 

Unless otherwise specified, the recommended operating conditions are as follows: 4.65V < POSITIVE 
SUPPLY VOLTAGE < 5.25V, °C < T (ambient) < 70 °C, and 25 °C < T(junction) < 135 °C. Currents flowing 
into the chip are positive. Current maximums are currents with the highest absolute value. 

ABSOLUTE MAXIMUM RATINGS 

Operation beyond the maximum ratings may damage the device. 



PARAMETER 


RATING 


Storage Temperature 


-65 to 150 °C 


Junction Operating Temperature, Tj 


+150 °C 


Positive Supply Voltage (VCA, VCB, VCD) 


-0.5V to 7V 


Voltage Applied to Logic Inputs 


-0.5V to Vp+0.5V 


Maximum Power Dissipation 


540 mW 


RECOMMENDED OPERATING CONDITIONS 


Positive Supply Voltage (VCA, VCB, VCD) 


4.65V to 5.25V 


Junction Operating Temperature, Tj 


0<Tj<130°C 


Ambient Temperature, Ta 


< Ta < 70 °C 



POWER SUPPLY CURRENT AND POWER DISSIPATION 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


ICC (VCA, B, D) 


Outputs and test point pins open 




77 


103 


mA 


TTL COMPATIBLE INPUTS 


Input low voltage VI L 








0.8 


V 


Input high voltage VIH 




2.0 






V 


Input low current ML 


VIL=0.4V 






-1.5 


mA 


Input high current IIH 


VIH = 2.7V 






20 


uA 


TTL COMPATIBLE OUTPUTS 


Output low voltage VOL 


IOL = 2.0 mA 






0.5 


V 


Output high voltage VOH 


IOH = -400 uA 


2.4 






V 


PECL OUTPUT LEVELS (FOUT/FOUT) 


Output high level 


VCA = 5.0 V 


VCA- 1.02 






V 


Output low level 


VCA = 5.0 V 






VCA- 1.45 


V 


Single-ended output voltage swing 


VCA = 5.0 V 


0.75 




0.95 


V 


Output current IFOUT 




-4.0 




+4.0 


mA 
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ELECTRICAL SPECIFICATIONS (continued) 



PECL INPUT LEVELS (FREF/FREF) 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


Input high level 


VFIH 


VCA = 5.0 V 


VFIL-0.5 




VCA-0.5 


V 


Input high current 


IFIH 








100 


MA 


Input low level 


VFIL 


VCA = 5.0 V 


VCA-2.2 




VFIH-0.5 


V 


Input low current 


IFIL 




-100 






ma 


Differential input voltage swing 


VCA = 5.0 V 


0.5 






V 



FREQUENCY REFERENCE OUTPUT 

Unless otherwise specified, FOUT = 30 MHz; loop filter components are C1 = 3300 pF, C2 = 270 pF, R1 
4.12 kQ; 4.65V < VCn < 5.25V; < Ta < 70 °C. 



Reference frequency 


FIN 




8 




20 


MHz 


Output frequency 


FOUT 








72 


MHz 


Output jitter 


JFO 




-300 




+300 


ps(RMS) 


Output duty cycle 


50% amplitude, FOUT = 72 MHz 


42 




58 


% 


M counter value 




80 




255 




N counter value 




25 




127 




RR resistor value 




4.5 




5.25 


kQ 


VCO center frequency 


TVCO 


To=(4.01E-2)(RR/M) 
+ 2.4 nsec; VCA = 5.0V, 
RR = 4.75 kQ, FLTR = 2.7V, 
M = 100, FIN = 20 MHz 


0.77 
TVCO 


TVCO 


1.23 
TVCO 


ns 


VCO dynamic range 


1V < FLTR < VCA-0.5 
FOUT = 72 MHz, VCA = 5.0V 


±25 




±45 


% 


VCO control gain 


KVCO 


coi = 271/TVCO 


0.14coi 




0.26coi 


rad/s V 


Phase detector gain 


KD 


Kd = (4.39E-3) x M/RR 




Kd 




A/rad 


CONTROL DACs 


Differential linearity (monotonicity) 


DACF, 1, P, S 
< Ta < 70 °C 
4.75V < VCA < 5.25V 


-1LSB 








DACF output accuracy 




VCA = 5.0V 

If = (0.98-F*4-IR)/128 
Rx = 2.74 kQ 
IR = VR3/(4x Rx) 


0.97 • If 
-3/4 LSB 




1 .03 • If 

+3/4 LSB 


A 


Rx resistor value 




2.5 




3.0 


kQ 


DACF output resistance 








3.7 


kQ 
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CONTROL DACS (continued) 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


DACI output accuracy 


\tr* a c f\\i 

h = (7.41E-2)-l/RR 
RR = 4.75 kQ 


u.yo • ii 

-3/4 LSB 




1 .UO • II 

+3/4 LSB 


A 


DACI/F output voltage 








2 


V 


DACP output accuracy 


VCA = 5.0V 

Vp = 2 • P • [VRP - (VCC -VR3)]/128 
RR = 4.75 kQ 

\ /no o o\ / 

VR3 = 2.2V 
VRP = 3.6V 


0.97 • Vp 

-3/4LSB 
-25 mV 




1 .04 • Vp 

+3/4LSB 
+25 mV 


V 


DACP output range 




VCA- 
VR3 




VCA- 
0.9 


V 


uMor ouipui resistance 




ou 




ODD 
c.\J\J 


o 


vnr input voiiage 




(VOA 

-VR3) 
+ 0.2 




-1.0 


V 


VRP input current 


2.0V < VRP < VCA 






20 


ma 


DACS output accuracy 


VCn = 5.0V 

Vs = (0.98- S- VR3J/128 


0.97 • Vs 

-3/4LSB 
-15 mV 




1.03 »Vs 

+3/4LSB 
+15 mV 


V 


DACS output range 




0.1 




2.4 


V 


DACS output resistance 








3.7 


kQ 


VR3 input voltage 




2.0 




2.4 


V 


VR3 input current 


VR3 = 2.2V 






1.0 


mA 



SERIAL PORT TIMING 



SCLK period 




100 






ns 


SDEN Setup wrt first SCLK falls 




25 






ns 


SDEN Hold wrt last SCLK falls 




25 






ns 


SDEN falls wrt next SCLK rise 




25 






ns 


SDATA Setup/Hold wrt SCLK falls 




25 






ns 
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PACKAGE PIN DESIGNATIONS 

(Top View) 



AGND 


[ 




24 


] 


VR2 


DACP 




2 


23 


] 


VR1 


VCA 


c 


3 


22 


] 


DACI 


FOUT 


c 


4 


21 


] 


DACS 


FOUT 


c 


5 


20 


] 


DACF 


VCB 


[ 


6 


19 


] 


VR3 


FLTR 


[ 


7 


18 


] 


IR 


VCD 


[ 


8 


17 


] 


FCO 


FOEN 


c 


9 


16 


] 


SDATA 


DGND 


c 


10 


15 


J 


SCLK 


FREF 


c 


11 


14 


J 


SDEN 


FREF 


c 


12 


13 




VRP 




24-Lead SO/VSOP 



CAUTION: Use handling procedures necessary 
for a static sensitive component. 



Advance Information: Indicates a product still in the design cycle, and any specifications are based on design goals only. Do not use for final 
design. 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data sheet 
is current before placing orders. 
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SSI 32D4665 

Time Base Generator 



Advance Information 



December 1992 



DESCRIPTION 

The SSI 32D4665 Time Base Generator provides a 
programmable reference generator, channel filter con- 
trol and data rate control for constant density recording 
applications. It is optimized to operate with the 32D53xx 
series data separators and contains a high perfor- 
mance programmable PLLfor 1% reference frequency 
control. A 7-bit DAC is provided to program the IREF 
current which sets the data separator PLL operating 
center frequency. A 7-bit DAC is provided to program 
the hysteresis level in the SSI 32P3000 series pulse 
detectors. Two additional 7-bit DACs are provided for 
programmable electronic filter (slimmer) control. A 
single latched TTL output is provided to control filter 
multiplexers. A serial microprocessor interface reduces 
pin count and provides convenient access to the inter- 
nal program storage registers. The 32D4665 only 
requires a +5V supply and will be available in 24-lead 
SO packages. 



FEATURES 

For constant density recording applications 

Reference frequency control 

Channel filter control 

Internal DAC available to program data 
separator data rate 

Internal DAC available to program pulse 
detector hysteresis (DACP) 
Up to 75 MHz operation 
1% frequency resolution 
No external active components required 
+5V only operation 
Low power mode 
24-lead SOL package 




BLOCK DIAGRAM 




Filter 
Control 
(1 bit) 



C Register 
(1 bit) 



— n — n_ 

C1=4= m 4=C2 



FLTR 



Oscillator 




Div by N+1 




Phase 




Charge 




(7 bits) 




Detector 




Pump 



Div by M+1 
(8 bits) 



N Register 
(7 bits) 



M Register 
(8 bits) 



F Register 




P Register 


(7 bits) 




(7 bits) 



I Register 
(7 bits) 



S Register 
(7 bits) 





Address 




Shift 




Decode 




Register 



FOEN 



Output 
Buffer 



7 Bit 
DAC 





REF 






7 Bit 
DAC 







IR DACF VRP DACP VR3 DACS 



CAUTION: Use handling procedures necessary 
for a static sensitive component. 
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PIN DESCRIPTION 



INPUT PINS 



NAME 


DESCRIPTION 


SDATA 


Serial Data. Data input for an 8-bit control shift register. The data packet is 
transmitted MSB (D7) first. The first four bits are the register address and the last four 
are its data bits. Registers larger than 4-bits must be loaded with two 8-bit data 
packets. These packets should be loaded sequentially in less than 1 us since the 
loading operation will cause output transients. With proper loop filter design, the 
output transients will recover within 1 ms. The data packet fields are given in Table 1 . 


SCLK 


Serial Data Clock. Negative edge triggered clock input for the serial data. 


SDEN 


Serial Data Enable. A high level input enables data loading. The data is latched when 
the input is low. 


PWRON 


Power On. A high level input enables the chip. A low level puts the chip in a low power 
idle state. 


FOEN 


Frequency Output Enable. A high level input enables the FOUT output. A low level 
disables the output and minimizes the driven data separator jitter. 


OUTPUT PINS 


FOUT 


Frequency Output. An ECL output with internal current source. The low voltage swing 
which minimizes data separator jitter must be AC coupled to the data separator XTL1 
input. FOUT = [(M +1)/(N +1)]FIN where M = M Register number and N must be set 
to approximately [(FIN) (256) / 72 MHz] - 1 . 


DACI 


DAC Output. 7-bit DAC current source output used to program timing current for the 
data separator VCO center frequency. The current magnitude is controlled by the I 
Register and is compensated to minimize the sensitivity to power supply and 
temperature variations. 


DACP 


DAC Output. 7-bit DAC voltage output used to program hysterysis levels to the pulse 
detector. The output voltage is set by tyhe difference between the VRP input voltage 
and the value of (Vcc - VR3). The voltage at the output is: 
(Vcc - VR3) + (2.0 • P/127) • (VRP - (Vcc - VR3). 


DACF 


DAC Output. 7-bit DAC current source output used for electronic filter control. The 
output current is set by the F Register number and the current entering the IR pin. 
This can be generated by an external resistor (Rx) between VR3 and IR or an 
external current source. 


DACS 


DAC Output. 7-bit DAC voltage output used for electronic filter control. The output 
voltage is set by the voltage at VR3 and the S Register number. 


FCO 


Filter Control 1 . TTL output used to control an external filter multiplexer. CO = H sets 
FCO = H. 
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ANALOG PINS 



XTL1 , XTL2 


Crystal Oscillator Connections. The circuit is designed to be used with an 8 MHz to 20 MHz 
crysxai. it a crysiai is nox oesirea, a i l i may ue ariven uy a i i l source wnn a i l<: len open. 


VR1, VR2 


Current Setting Resistor Connections. An external resistor RR connected between VR1 
ana vnt seis xne voiidge coniroiiea osciuaior center irequenoy ana me uaui currems. 


VR3 


Reference Voltage Input. An external 2.2V supply sets the reference for the DACS voltage. 


FLTR 


PLL Loop Filter Connection. Connection for loop filter components R1 , C1 and C2. 


DGND, AGND 


Digital and Analog Ground 


VCA, VCB 


Analog +5V Supplies 


VCD 


Digital +5V Supply 


IR 


Reference Current Input. An external resistor Rx, connected from IR to VR3 reference 
voltage or an external current source sets the reference current for the DACF current. 


VRP 


Reference Voltage Input. The output level for DACP is set by the difference between 
(Vcc - VR3) and VRP. 



TABLE 1 : Data Packet Fields 



ADDRESS BITS 


USAGE 


DATA BITS 


D7 


D6 


D5 


D4 


D3 


D2 


D1 


DO 





1 








P REGISTER 


X 


P6 


P5 


P4 





1 





1 


P REGISTER 


P3 


P2 


P1 


P0 





1 


1 





I REGISTER 


X 


16 


15 


14 





1 


1 


1 


I REGISTER 


13 


12 


11 


10 













S REGISTER 


X 


S6 


S5 


S4 










1 


S REGISTER 


S3 


S2 


S1 


SO 







1 





F, C REGISTER 


CO 


F6 


F5 


F4 







1 


1 


F REGISTER 


F3 


F2 


F1 


F0 




1 








M REGISTER 


M7 


M6 


M5 


M4 




1 





1 


M REGISTER 


M3 


M2 


M1 


MO 




1 


1 





N REGISTER 


X 


N6 


N5 


N4 




1 


1 


1 


N REGISTER 


N1 


N2 


N1 


NO 



X = Don't care bit. 
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ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 

Operation above maximum ratings may damage the device. 



PARAMETER 


RATING 


UNITS 


Storage Temperature 


-65 to +150 


°C 


Junction Operating Temperature, Tj 


+150 


°c 


Supply Voltage, VCA, VCB, V6D 


-0.5 to 7 


V 


Voltage Applied to Logic Inputs 


-0.5 to 5.5 


V 


Maximum Power Dissipation 


540 


mW 


RECOMMENDED OPERATING CONDITIONS 


PARAMETER 


RATING 


UNITS 


Supply voltage, VCA = VCB = VCD 


4.65 to 5.25 


V 


Junction Temperature, Tj 


0<Tj<135 


°c 


Ambient Temperature, Ta 


0<Ta<70 


°c 



ELECTRICAL CHARACTERISTICS 

Unless otherwise specified: recommended operating conditions apply. 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


VIH 


High Level Input Voltage 




2.0 






V 


VIL 


Low Level Input Voltage 








0.8 


V 


IIH 


High Level Input Current 


VIH = 2.7V 






20 


UA 


ML 


Low Level Input Current 


VIL = 0.4V 






-1.5 


mA 


VOH 


High Level Output Voltage 


IOH = -400 uA 


2.4 






V 


VOL 


Low Level Output Voltage 


IOL = 2mA 






0.5 


V 


VOH 


FOUT ECL High Level 


VCD = 5V, VOH-VCD 


-1.02 






V 


VOL 


FOUT ECL Low Level 


VCD = 5V, VOL-VCD 






-1.45 


V 


ICC 


Power Supply Current 


PWRON = 2.0V 




77 


103 


mA 






PWRON = 0.8V 




25 




mA 


IO 


FOUT Output Current 






±4 




mA 


VO 


FOUT Output Swing 




0.6 






V 
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INPUT/OUTPUT CHARACTERISTICS 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNITS 


FIN FIN Frequency 




8 




20 


MHz 


FO FOUT Frequency 








72 


MHz 


JFO FOUT Jitter 


T0= 1/FO; FCLK active 






±400 


ps(pk) 


DFO FOUT Duty Cycle 


50% Amplitude 
FOUT = 72 MHz 


42 




58 


% 


M M Divide Number 




80 




255 


- 


N, F N, F Divide Number 




25 




127 




P P Register Number 




10 




127 




1 1 Register Number 




30 




127 




RR External Resistor 




4.50 




5.25 


kft 


TVCO VCO Center Frequency 
Period 


TO=(6.17 E-10)(RR/M)+2.4 ns 
VCC = 5V, RR = 4.75 kQ 
FLTR = 2.7V 
FIN = 20 MHZ, M = 100 


0.77TO 


TVCO 


1.23TO 


ns 


VCO Frequency Dynamic 
Range 


1 V < FLTR < VCC - 0.5V, 
VCC = 5V, FOUT = 31 .5 MHz 


±25 




±45 


% 


KVCO VCO Control Gain 


coi = 2tc/TVCO 


0.14coi 




0.26coi 


rad/s V 


KD Phase Detector 


KD = (4.39 E - 3)/RR 




KD 




A/rad 


101 DACI Current 


IO = (7.41 E-2)I/RR 
VCC = 5V, TA = 25°C, 
RR = 4.75 kQ 


0.95IO 
-3/4LSB 




1.05IO 
+3/4LSB 


A 


IOF DACF Current 


IOF = F • 4/128 • IR 
VCC = 5V, Rx = 2.74 kQ 
WherelR = VR3/(4-R)oran 
external current source 


0.97IOF 
-3/4LSB 




1.03IOF 
+3/4LSB 


V 


VOP DACP Voltage 


VOP = 2.0 • P • (VRP- 
(Vcc-VR3))/128 
VCC = 5V, VR3 = 2.2V, 
VRP = 3.6V 


0.97VOP 
f(Vcc-VR3) 
-3/4LSB 
-25mV 




1 .04VOP 
+(Vcc-VR3) 
+3/4LSB 
+25mV 


A 


VOS DACS Voltage 


VOS = S- VR3/128 
VCC = 5V 


0.97VOS 
-3/4LSB 
+15 mV 




1.03VOS 
+3/4LSB 
+60 mV 


V 


VR3 DAC Reference 




2.0 




2.4 


V 


IVR3 VR3 Input Current 


VR3 = 2.2V 






1.0 


mA 
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INPUT/OUTPUT CHARACTERISTICS (Continued) 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNITS 


Rx 




2.5 




3.0 


kn 


VRP DAC P Reference 




(Vcc- 
VR3) 




Vcc- 1.0 


V 


IWDD \ / f) in | nnil l An»<tnl 

ivnr VHr input ourrent 


2.0V < VHr < VCC 






20 


uA 


1 DAC Current Tolerance 


RR = 4.75 kQ 

r\or^ ^ Tn ~ 7AOO 

o o < i a < /u o 
4.75V < Vcc < 5.25V 


.81 IO 




1.17IO 


A 


1, F, Differential Linearity 
P, S (Monotonicity) 


0°C < Ta < 70°C 
4.75V < Vcc < 5.25V 


-1LSB 






. 


VODL DACI, DACF Output 
Voltage 








2 


V 


VOSL DACS Output Voltage 




0.1 




2.4 


V 


VOPL DACP Output Voltage 




VCC-VR3 




Vcc-0.9 


V 


ROUT DACF, DACS Output 
Resistance 








3.7 


kQ 


SCLK Data Clock Period, TC 




100 






ns 


TDD Data Set Up/Hold Time 




25 






ns 


TDE Data Enable Delay Time 


Delay from data clock 
rising edge 


-TC 




TC/4 


ns 


ROUTPDACP Output Resistance 




50 




200 


Q 



Serial Byte Format 

SDEN I 



- TC (min) - 



FIGURE 1: Serial Port Timing 
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APPLICATIONS INFORMATION 

REFERENCE FREQUENCY OUTPUT: 

The 32D4665 provides the reference frequency for the phase-locked loop (PLL) of a data separator. The required 
frequency is programmed using the M and N registers of the 4661 . The value of the N register is determined by 
the oscillator that drives the 32D4665 according to the following equation: 

(Fin-256) _ 

(72 MHz) 

Forthis application, using a 1 2 MHz oscillator (Fin) would yield an N value of 41 .7. Although the value of N should 
be fixed according to the equation shown above, there is a tolerance of ± 1 integer so N can be set from 41 to 43. 
(This is necessary as the phase detector frequency is fixed by Fin & N) Substituting N into the following equation 
and knowing the reference frequency required for each data rate allows for the determination of the M register 
value: 

Fout=-7 f -Fin 

(N+1) 

Since M must be an integer value, it may be necessary to change N values for each data rate to obtain the required 
output frequency. For example (for 1 .5x reference clock), at 24 Mbit/s the required reference frequency is 36 MHz 
and using a value of N = 41 , yields an M value of 125. At 30 Mbit/s using the N value of 41 would require an M 
value of 1 56.5 to produce an output frequency of 45 MHz. Using M = 1 56 would give an output frequency of 44.86 
MHz while using an M value of 1 57 the output frequency would be 45.1 4 MHz. If N is changed to 43 then a value 
of 146 for M would produce the required output frequency of 45 MHz. The required M and N values for some 
sample data rates are provided in the table that follows. 




TABLE 2: M and N Register Programming Example 



DR (Mbit/s) 


Fout 


M 


N 


24 Mbit/s 


36 MHz 


125 


41 


30 Mbit/s 


45 MHz 


164 


43 


36 Mbit/s 


54 MHz 


188 


41 


40 Mbit/s 


60 MHz 


209 


41 



The N register is at address "1 1 1 0" for the MSBs and address "1111 " for the LSBs. The table that follows gives 
the required register programming information for the values of N. 



TABLE 3: Frequency Programming Information, N Register 



ADDRESS BITS 


DATA BITS 


FUNCTION 


D7 


D6 


D5 


D4 


D3 


D2 


D1 


DO 




1 


1 


1 





X 





1 





N Register MSBs for N = 41 


1 


1 


1 


1 


1 








1 


N Register LSBs for N = 41 


1 


1 


1 





X 





1 





N Register MSBs for N = 43 


1 


1 


1 


1 


1 





1 


1 


N Register LSBs for N = 43 



The M register is at address "1 1 00" for the MSBs and at address "1 1 01 " for the LSBs. The table that follows gives 
the required register programming information for the values of M based on the equation given above for Fout. 
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APPLICATIONS INFORMATION (continued) 



TABLE 4: Frequency Programming Information, M Register 



ADDRESS BITS 


DATA BITS 


FUNCTION 


D7 


D6 


D5 


D4 


D3 


D2 


D1 


DO 




1 













1 


1 


1 


M Register = 125, 


1 







1 


1 


1 





1 


Fout = 36 MHz 


1 










1 





1 





M Register = 164, 


1 







1 





1 








Fout = 45 MHz 


1 










1 





1 


1 


M Register = 188, 


1 







1 


1 


1 








Fout = 54 MHz 


1 










1 


1 





1 


M Register = 209, 


1 







1 











1 


Fout = 60 MHz 



Loop Filter for the SSI 32D4665 

The SSI 32D4665 requires a loop filter to control the PLL locking characteristics. While there are several types 
of filters that can be used to perform this function, a simple integrating filter has proven to be very effective (see 
Figure 2). To select the components for the loop filter, two considerations should be made. First, the acquisition 
time of the loop must be less than the minimum track-to-track seek time and second, the capacitor C1 should be 
low leakage (C1 < 1 .0 uF). The acquisition time of the loop is set-up to accommodate a zero phase restart and 
allow for 1% maximum phase error after phase acquisition. This yields a settling time of: t s = 5/co n . 

From the data sheet, 

KVCO = (0.21 )(27t)(F 0Ut ) rad/s V (typ.), at 72 MHz KVCO = 9.5 x10 7 
KD = (4.14 E-3)/RR A/rad @ RR = 4.75 k^, KD = 8.76x 10 7 

For a second order system, 

R1 = (2 x £ x co n )/(KVCO x KD) where £ is the damping factor. 
C1 = (KVCO x KD)/(co n 2 ) and C1/10 > C2 > C1/20 

A damping factor of 0.7 to 1 .0 is suggested to prevent locking to harmonics while maintaining an acceptable lock 
time. At the maximum frequency selected, the damping factor of 1 .0 should be considered thereby allowing the 
damping factor to drop as the frequency drops. 

If we start with co n = 2 x 10 4 , C1 can be calculated as 0.21 jiF and C2 can be calculated as 0.01 to 0.02 uF. As 
mentioned above, the damping factor at the maximum frequency of 72 MHz should be 1 .0, so R1 is calculated 
as: 

R1 = (2 X 1 .0 x 2E4 )/(9.5E7 x 8.76E-7) = 480 Q 

These values will produce a loop settling time t s of 5/2 x 10 4 = 250 usees. 

The values calculated here are sample values that have been used in the lab and should be considered starting 
values. The values of R1 , C1 , and C2 can be further optimized to meet specific needs. 
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3204665 



32P3000 
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ON- 
OD+ 
OD- 

CN 
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XTAL2 
VR3 
IR 

DACS 

DACF 

VR1 

VR2 

FLTR 

VRP 



VCB 


6 






SDATA 
SCLK 


16 


— <• 


15 
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SDEN 
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DACI 
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FIGURE 2: Typical 32D4665 Application 
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PACKAGE PIN DESIGNATIONS 

(Top View) 



AGND 


[ 




24 


] 


VR2 


DACP 


c 


2 


23 


] 


VR1 


VCA 


c 


3 


22 


] 


DACI 


FOUT 


c 


4 


21 


] 


DACS 


FOEN 


c 


5 


20 


] 


DACF 


VCB 


[ 


6 


19 


] 


VR3 


FLTR 


c 


7 


18 


] 


IR 


VCD 


[ 


8 


17 


] 


FCO 


PWR_ON 


[ 


9 


16 


] 


SDATA 


DGND 


[ 


10 


15 


] 


SCLK 


XL1 


c 


11 


14 


] 


SDEN 


XL2 


c 


12 


13 


] 


VRP 



24-Lead SOL 



Advance Information: Indicates a product still in the design cycle, and any specifications are based on design goals only. Do not use 
for final design. 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other 
rights of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. 
Silicon Systems reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to 
verify that the data sheet is current before placing orders. 



Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680 (714) 573-6000, FAX (714) 573-6914 



©1991 Silicon Systems, Inc. 
Patent No. (4,803,445) 
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DESCRIPTION 

The SSI 32D4666 is a high performance bipolar device 
that provides a programmable frequency reference 
and four internal control DACs to support hard disk 
drive applications that use zoned recording tech- 
niques. It is optimized for use with the 32P3000 family 
of pulse detector/filter devices and the 32P53X family 
of data separators. The frequency reference can be 
programmed up to 108 MHz with better than 1% 
resolution. The 7-bit DACs provide control of the 3 dB 
cutoff frequency and pulse slimming of the electronic 
filter, the hysteresis level of the pulse qualif ier, and the 
center frequency of the daja separator. A single 
latched TTL output is also provided to control switching 
of external loop filter components on the data separa- 
tor. A serial microprocessor interface reduces the pin 
count and provides convenient access to the internal 
program storage registers. The 32D4666 requires a +5 
VDC supply and is available in a 24-pin SO and VSOP 
package. 
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Advance Information 



August 1992 



FEATURES 



Programmable frequency output up to 
108 MHz 

1% frequency resolution 

Differential PECL reference clock input (FREF) 

Differential PECL frequency reference output 
(FOUT) 

7-bit DAC for data separator center frequency 
control (DACI) 

7-bit DAC for filter Fc control (DACF) 

7-bit DAC for filter boost/equalization control 
(DACS) 

7-bit DAC for hysteresis level control (DACP) 
+5 VDC operation 

Available in small footprint 24-pin SO and 
VSOP packages 




BLOCK DIAGRAM 
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DGND 



SDEN 
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FUNCTIONAL DESCRIPTION 
FREQUENCY REFERENCE OPERATION 

The 32D4666 programmable frequency reference 
accepts a differential PECL compatible clock source 
and generates a differential PECL compatible reference 
output (FOUT). The output frequency of FOUT is 
controlled by programming internal M and N counters 
to set up internal divide-by ratios. The 7-bit N register 
sets the divide-by factor for the input clock source. This 
will determine the update frequency for the phase 
detector. The value of this register is set based upon 
the frequency of the input clock according to the 
following equation: 

N = [(FINx256)/108]-1 

where FIN is in MHz 

The 8-bit M register sets the divide-by term for the VCO 
reference clock feeding back into the phase detector 
and determines the center frequency of the VCO. The 
value set in the M register is independent of the input 
clock frequency. The value of the M register is 
determined by the following equation: 

FOUT = [(M+1)/(N+1)]x FIN 
DAC OPERATION 

The output of each of the four 7-bit DACs is controlled 
by programming the associated register. In addition, 
each DAC has a reference input that determines the 
maximum DAC output. The following equations are 
used to calculate the DAC outputs: 

Idacf = (FREG x 4)/(1 28 x IR) mA 



SERIAL PORT OPERATION 

The 32D4666 provides a simple serial port interface 
that allows programming of the device's internal 
registers. The write-only serial port is a three-line 
interface that requires an enable signal (SDEN) along 
with clock (SCLK) and data (SDATA) signals to program 
the internal registers of the 32D4666. Data is shifted 
into the registers in 8-bit bytes that are divided into four 
bits of address and four bits of data. To load data into 
the device, the enable pin (SDEN) is asserted for eight 
clock cycles during which data can be presented on the 
SDATA input pin. Data on the SDATA pin is clocked 
into the device on the falling edges of the clock signal 
provided on the SCLK pin. The falling edge of SDEN 
latches the data internally and initiates the function 
selected. To save power the serial port circuitry is 
powered down when the SDEN line is low. Because of 
this, there is a minimum set-up and hold time for the 
SDEN signal (refer to specifications.) Table 1 provides 
the address-to-function mapping for the internal 
registers. 



Idaci = (7.41 E-2 x IREG)/RR mA, where RR is in kQ 
Vdacp = [2 x PREG x (VRP - (VCA - VR3))]/1 28 V 
Vdacs = (SREG x VR3)/128 V 
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TABLE 1 : Data Packet Fields 





ADDRESS BITS 




REGISTER 




DATA BITS 




D7 


D6 


D5 


D4 




D3 


D2 


D1 


DO 





1 








P Register 


X 


P6 


P5 


P4 





1 





1 


P Register 


no 

Po 


P2 


P1 


PO 


A 

u 


1 


1 


U 


I Register 


Y 

A 


16 


15 


1 A 

14 





1 


1 


1 


I Register 


13 


12 


11 


10 













S Register 


X 


S6 


S5 


S4 










1 


S Register 


S3 


S2 


S1 


SO 







1 





F,C Register 


CO 


F6 


F5 


F4 







1 


1 


F Register 


F3 


F2 


F1 


FO 




1 








M Register 


M7 


M6 


M5 


M4 




1 





1 


M Register 


M3 


M2 


M1 


MO 




1 


1 





N Register 


X 


N6 


N5 


N4 




1 


1 


1 


N Register 


N3 


N2 


N1 


NO 



Clocks data bit 1 jc 1 

\< ►< 

I I 



SCLK 



SDEN 




I SDEN Setup wrt SCLK falls 



SDEN Hold wrt SCLK falls -*+\ \<- SDEN falls 
1 i i before next 
SCLK rise 



Loads data into register 



A 



SDATA Setup SDATA Hold wrt SCLK falls 



wrt SCLK falls " 



SDATA 



1 « > \ 

D7 V D6 



D5 Y D4 Y D3 X D2 Y D1 X DO 



FIGURE 1: Serial Port Timing Relationship 
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PIN DESCRIPTION 
INPUT PINS 



NAME 


TYPE 


DESCRIPTION 


AGND 


1 


Analog ground pin. 


DGND 


1 


Digital ground pin. 


VCA.B 


1 


+5V analog power supply pins. 


VCD 


1 


+5V digital power supply pin. 


FOEN 


1 


This is a TTL compatible input that disables the output buffer of the FOUT pin. 
This function is used to reduce jitter when the reference output is not required. 


FREF/FREF 


1 


Reference clock inputs. An 8 to 20 MHz differential PECL reference clock is 
applied to these input pins. This serves as the reference for the internal PLL. 


1 D 

In 


i 
1 


Reference Current Input . The current applied to this pin provides the reference 
forDACF. 


cn ATA 

oUA 1 A 


i 
1 


Serial port input data. Data input for an 8-bit internal shift register. The data 
packet is transmitted MSB (D7) first. The first four bits are the register address 
and the last four bits are the data value. For loading data into both registers of 
a DAC orthe M and N counters, it is suggested that the registers be loaded with 
a minimum delay between packets to reduce the output transients. 


SCLK 


1 


Serial Data Clock. Serial data is clocked into the internal shift register on the 
falling edge of this input. 


SDEN 


1 


Serial Data Enable. A high level TTL input on this pin will enable the clocking 
of the internal shift register. The data in the shift register is latched on the falling 
edge of SDEN. 


VRP 


1 


Reference Input Voltage. The voltage applied to this pin establishes the 
reference for DACS. 


VR3 


1 


Reference Input Voltage. The voltage applied to this pin establishes the 
reference for DACP. 
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OUTPUT PINS 



NAME 


TYPE 


DESCRIPTION 


DACF 





Current DAC output. The output of this 7-bit current DAC is determined by the 

L/Uiiici iio ui u ic r loyibici diiu uic ouiitHii a|jpiit;u iu uio in pin. 


DACI 





Current DAC output. The output of this 7-bit current DAC is determined by the 
contents of the 1 register and the resistor across the VR1/VR2 pins. 


DACP 





Voltage DAC output. The output of this 7-bit voltage DAC is determined by the 
contents of the P register. 


DACS 





Voltage DAC output. The output of this 7-bit voltage DAC is determined by the 
contents of the S register. 


FCO 





Filter Control Output. This is a latched TTL output that can be used to switch 
an external FET for changing the components of the data separator loop filter. 
When CO is set high ("1") in the F register, the FCO output will be high. 


FOUT/FOUT 





Frequency Output. A differential PECL frequency reference output that is 
determined by the M and N registers and the FREF/FREF input frequency. 
This output should be AC coupled into the reference input of the data separator 
device. 


ANALOG PINS 


FLTR 




PLL loop filter. An RC filter is connected to this pin to control the VCO voltage. 


VR1/VR2 




Current setting resistor. A resistor is connected between these pins to set the 
current reference for DACI. 
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ELECTRICAL SPECIFICATIONS 

Unless otherwise specified, the recommended operating conditions are as follows: 4.65V < POSITIVE 
SUPPLY VOLTAGE < 5.25V, °C < T (ambient) < 70 °C, and 25 °C < T(junction) < 135 °C. Currents flowing 
into the chip are positive. Current maximums are currents with the highest absolute value. 

ABSOLUTE MAXIMUM RATINGS 

Operation beyond the maximum ratings may damage the device. 



PARAMETER 


RATING 


Storage Temperature 


-65 to 1 50 °C 


Junction Operating Temperature, Tj 


+150 °C 


Positive Supply Voltage (VCA, VCB, VCD) 


-0.5V to 7V 


Voltage Applied to Logic Inputs 


-0.5V to Vp+0.5V 


Maximum Power Dissipation 


540 mW 


RECOMMENDED OPERATING CONDITIONS 


Positive Supply Voltage (VCA, VCB, VCD) 


4.65V to 5.25V 


Junction Operating Temperature, Tj 


0<Tj<130 °C 


Ambient Temperature, Ta 


< Ta < 70 °C 



POWER SUPPLY CURRENT AND POWER DISSIPATION 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


ICC (VCA, B, D) 


Outputs and test point pins open 




77 


103 


mA 


TTL COMPATIBLE INPUTS 


Input low voltage VIL 








0.8 


V 


Input high voltage VIH 




2.0 






V 


Input low current IIL 


VIL=0.4V 






-1.5 


mA 


Input high current IIH 


VIH = 2.7V 






20 


MA 


TTL COMPATIBLE OUTPUTS 


Output low voltage VOL 


IOL = 2.0 mA 






0.5 


V 


Output high voltage VOH 


IOH = -400 uA 


2.4 






V 


PECL OUTPUT LEVELS (FOUT/FOUT) 


Output high level 


VCA = 5.0 V 


VCA- 1.02 






V 


Output low level 


VCA = 5.0 V 






VCA- 1.45 


V 


Single-ended output voltage swing 


VCA = 5.0 V 


0.75 




0.95 


V 


Output current IFOUT 




-4.0 




+4.0 


mA 
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ELECTRICAL SPECIFICATIONS (continued) 



PECL INPUT LEVELS (FREF/FREF) 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


Input high level 


VFIH 


VCA = 5.0 V 


VFIL-0.5 




VCA-0.5 


V 


Input high current 


IFIH 








100 


uA 


Input low level 


VFIL 


VCA = 5.0 V 


VCA-2.2 




VFIH-0.5 


V 


Input low current 


IFIL 




-100 






uA 


Differential input 


VCA = 5.0 V 


0.5 






V 


FREQUENCY REFERENCE OUTPUT 

Unless otherwise specified, FOUT = 30 MHz; loop filter components are C1 = 3300 pF, C2 = 270 pF, R1 = 
4.12 kQ; 4.65V < VCn < 5.25V; < Ta < 70 °C. 


Reference frequency 


FIN 




8 




20 


MHz 


Output frequency 


FOUT 








108 


MHz 


Output jitter 


JFO 




-300 




+300 


ps(RMS) 


Output duty cycle 


50% amplitude, FOUT = 108 MHz 


42 




58 


% 


M counter value 




80 




255 




N counter value 




18 




127 




RR resistor value 




4.5 




5.25 


kQ 


VCO center frequency 


TVCO 


To = (4.01 E-10) (RR/M) 
+ 2.4 nsec; VCA = 5.0V, 
RR = 4.75 kQ, FLTR = 2.7V, 
M = 100, FIN = 20 MHz 


0.77 
TVCO 


TVCO 


1.23 
TVCO 


ns 


VCO dynamic range 


1V<FLTR<VCA-0.5 

FOUT =108 MHz, VCn = 5.0V 


±25 




±45 


% 


VCO control gain 


KVCO 


cot = 2tc/TVCO 


0.14coi 




0.26coi 


rad/s V 


Phase detector gain 


KD 


Kd = (4.39E-3) x M/RR 




Kd 




A/rad 


CONTROL DACS 


Differential linearity (monotonicity) 


DACF, I, P, S 
< Ta < 70 °C 
4.75V < VCA < 5.25V 


-1LSB 








DACF output accuracy 




VCA = 5.0V 


0.97I 
DACF 




1.031 
DACF 


A 






Rx = 2.74 kQ 


-3/4LSB 




+3/4LSB 








IR = VR3/(4x Rx) 










Rx resistor value 


2.5 






3.0 


kQ 


DACF output resistance 








3.7 


kQ 
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CONTROL DACs (continued) 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 




VHA - 5 nv 


0.951 
DACI 




1 051 
DACI 






-0/4LOD 




+0/4LOD 




DACI/F outnut vnltanp 








2 


v 


DACP output accuracy 


VCA = 5.0V 


0.97V 
DACP 




1.04V 
DACP 


V 


RR = 4.75 kQ 


-3/4LSB 




+3/4LSB 




VR3 = 2.2V 


-25 mV 




+25 mV 




VRP = 3.6V 










DACP output range 




VCA- 
VR3 




VCA- 
0.9 


V 


DACP output resistance 




50 




200 


Q 


VRP input voltage 




(VCA 
-VR3) 
+ 0.2 




VCA 
-1 .0 


V 


VRP input current 


2.0V < VRP< VCA 






20 


\iA 


DACS output accuracy- 


VCA = 5.0V 


0.971 
DACS 




1.031 
DACS 


V 


-3/4LSB 




+3/4LSB 




-15 mV 




+15 mV 




DACP output range 




0.1 




2.4 


V 


DACS output resistance 








3.7 


kQ 


VR3 input voltage 




2.0 




2.4 


V 


VR3 input current 


VR3 = 2.2V 






1.0 


mA 


SERIAL PORT TIMING 


SCLK period 




100 






ns 


SDEN Setup wrt first SCLK falls 




25 






ns 


SDEN Hold wrt last SCLK falls 




25 






ns 


SDEN falls wrt next SCLK rise 




25 






ns 


SDATA Setup/Hold wrt SCLK falls 




25 






ns 
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PACKAGE PIN DESIGNATIONS 

(Top View) 



AGND 


[ 




24 


] 


VR2 


DACP 


c 


2 


23 


] 


VR1 


VCA 


c 


3 


22 


] 


DACI 


FOUT 


r 
L 


4 


21 


J 


DACS 


FOUT 


[ 


5 


20 


] 


DACF 


VCB 


[ 


6 


19 


] 


VR3 


FLTR 


[ 


7 


18 


] 


IR 


VCD 


[ 


8 


17 


] 


FCO 


FOEN 


[ 


9 


16 


] 


SDATA 


DGND 


[ 


10 


15 


] 


SCLK 


FREF 


[ 


11 


14 


] 


SDEN 


FREF 


[ 


12 


13 


] 


VRP 






24-Pin SO/VSOP 








CAUTION: Use handling procedures necessary 
for a static sensitive component. 



Advance Information: Indicates a product still in the design cycle, and any specifications are based on design goals only. Do not use for final 
design. 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data sheet 
is current before placing orders. 



Silicon Systems, Inc. 14351 Myford Road, Tustin, CA 92680, (714) 573-6000, FAX (714) 573-6914 
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F^IIE^^Ci^ Ci#JHl^^ EE Lm 
COMBINATION DEVICES 



STORAGE PRODUCTS REFERENCE 



Device Number 


Data Rate 


Power Supply 


Compatibility 


ENDEC 


Device Functions 

Servo | Filler Fc 


Process 


Poctcacje 


Power 


READ CHANNEL COMBINATION DEVICES 






32P548* 


12 Mbit/s 


5V 


32P5482 


No 


"A, B, PES" 


None 


Bipolar 


52 QFP 


750 mW 


32P5482* 


1 6 Mbit/s 


5V 


32P548 


No 


"A, B, PES" 


None 


Bipolar 


52QFP 


350 mW 


32P4720A* 


1 8 Mbit/s 


5V 


None 


"1,7" 


Rectified 


None 


Bipolar 


52 QFP 


700 mW 


32P4730 


24 Mbit/s 


5V 


32P4744 and 32P4330 


"1 ,7" 


"A-B, C-D" 


3 - 9 MHz 


BiCMOS 


64TQFP 


450 mW 


32P4731 


24 Mbit/s 


5V 


32P4741 and 32P4331 


"1,7" 


"A,B,C,D" 


3 - 9 MHz 


BiCMOS 


64 TQFP 


450 mW 


32P4733 


24 Mbit/s 


5V 


32P4743 and 32P4333 


No 


"A,B" 


3 - 9 MHz 


BiCMOS 


64TQFP 


400 mW 


32P4741 


40 Mbit/s 


5V 


32P4731 and 32P4331 


"1,7" 


"A,B,C,D" 


6- 18 MHz 


BiCMOS 


64 TQFP 


500 mW 


32P4742 


48 Mbit/s 


5V 


32P4731/41** 


"17" 


"A,B,C,D" 


8 - 24 MHz 


BiCMOS 


64 TQFP 


500 mW 


32P4743 


48 Mbit/s 


5V 


32P4733 and 32P4333 


No 


"A,B" 


8 - 24 MHz 


BiCMOS 


64 TQFP 


450 mW 


32P4744 


40 Mbit/s 


5V 


32P4730 and 32P4330 


"17" 


"A-B, C-D" 


6- 18 MHz 


BiCMOS 


64 TQFP 


500 mW 


32P4330 


24 Mbit/s 


3 to 5.5V 


32P4730 and 32P4744 


"17" 


"A-B, C-D" 


3- 10 MHz 


BiCMOS 


64 TQFP 


330 mW 


32P4331 


24 Mbit/s 


3 to 5.5V 


32P4731 and 32P4741 


"17" 


"A,B,C,D" 


3- 10 MHz 


BiCMOS 


64 TQFP 


330 mW 


32P4333 


24 Mbit/s 


3 to 5.5V 


32P4733 and 32P4743 


No 


"A,B" 


3- 10 MHz 


BiCMOS 


64 TQFP 


300 mW 



Unless otherwise noted, all devices include AGC, filter, pulse qualifiers, servo capture, data synchronizer, and time base generator. 
*Does not include filter, time base generator, or control DACs. 
**Not pin-to-pin compatible. 
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DESCRIPTION 

The SSI 32P4731/41 devices are high performance 
BiCMOS single chip read channel ICs that contain all 
the functions needed to implement a complete zoned 
recording read channel for hard disk drive systems. 
Functional blocks include the pulse detector, 
programmable filter, 4-burst servo capture, time base 
generator, and data separator with 1,7 RLL ENDEC. 
Data rates can be programmed using an internal DAC 
whose reference current is set by a single external 
resistor. 

Programmable functions of the SSI 32P4731/41 
devices are controlled through a bi-directional serial 
port and banks of internal registers. This allows zoned 
recording applications to be supported without 
changing external component values from zone to 
zone. 

The SSI 32P4731/41 utilize an advanced BiCMOS 
process technology along with advanced circuit design 
techniques which result in high performance devices 
with low power consumption. 

FEATURES 

GENERAL: 

DAC controlled programmable data rates 
32P4731-8to24 Mbit/s 
32P4741 -14to40Mbit/S 

• Complete zoned recording application support 

• Low power operation - 

32P4731 - 400 m W typical @ 5V 
32P4741 - 500 mW typical @ 5V 
Bi-directional serial port for register access 

• Register programmable power management 
(Sleep mode <1 mW) 

• Power supply range (4.5 to 5.5 volts) 

• Small footprint 64-pin TQFP package 

PULSE DETECTOR: 

• Fast attack/decay modes for rapid AGC recovery 

• Dual rate charge pump for fast transient recovery 

• Low Drift AGC hold circuitry 

Temperature compensated, exponential control 
AGC 

• Wide bandwidth, high precision full-wave rectifier 

• Dual mode pulse qualification circuitry (user 
selectable) 



Advance Information 



January 1993 

• TTL RDIO sig nal output for servo timing support 
Internal LOW-Z and fast decay timing 

• 0.5 ns max. pulse pairing 

SERVO CAPTURE: 

4-burst servo capture with A, B, C, D outputs 

Internal hold capacitors 

Programmable charge current (4-Bit DAC) 

• Separate registers for FC and VTH during servo 
mode 

• 4-bit DAC for AGC level control (0.75 to 1 .0 Vpp) 
PROGRAMMABLE FILTER: 

Programmable cutoff frequency 

32P4731-3to9MHz 

32P4741-5to18MHz 
Programmable boost/equalization of to 1 3 dB 
Matched normal and differentiated outputs 

• ± 10% fc accuracy 

• ± 2% maximum group delay variation 
Less than 1% total harmonic distortion 
Low-Z input switch 

No external filter components required 
TIME BASE GENERATOR: 

Better than 1 % frequency resolution 

• Up to 75 MHz frequency output 
Independent M and N divide-by registers 

• VCO center frequency matched to data 
synchronizer VCO 

DATA SEPARATOR: 

Fast acquisition phase lock loop with zero 
phase restart technique 

32P4731 - 3 x VCO 

32P4741 - 1.5 x VCO 

• Integrated 1 ,7 RLL Encoder/Decoder 
Fully integrated data separator 

- No external delay lines or active devices 
required 

- No external active PLL components 
required 

Programmable decode window symmetry 
control via serial port 

- Window shift control ± 30% (4-bit) 

- Includes delayed read data and VCO clock 
monitor points 

Programmable early/late write precomp (3-Bits 
each) 
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FIGURE 1(a): 32P4731/41 Block Diagram 



■o-p- 



FROM 
S-PORT 



■o-o 



DACI 
7-BIT 







MUX 


1/3 
CELL 
DELAY 


DRD 





vco 



CHARGE 
PUMP 



PHASE 
DETECTOR 



DSREF 



hM+1 



M REG 
(8 BIT) 



MCTR 



.N+1 



N REG 
(7 BIT) 



PHASE 
DETECTOR 



CHARGE 
PUMP 



-o t> -3 u 

> CD O O 

-o-o-oo- 



z m O 



(4731 ONLY) 



WS 
DAC 



VCO 



RD 
VCOREF ■ 
SET- 

DSIN ■ 
DOUT ■ 
RESET - 

DSREF ■ 
COUT ■ 
MCTR • 



— — mux — n 



MUX — M MTP2 



MUX — [J MTP3 



MUX 




DEGLITCH 





CONTROLLER 



CLOCK 
GENERATOR 



SYNCHRONIZER 



1,7 DECODER 



I! 



WPDAC 




WRITE 


(3 BIT) 




PRECOMP 



-o- 



SERIAL 
PORT 



WWW 

o o o 
m r- > 

z * 2 



1,7 ENCODER 

T. 



ADDRESS MARK 
DETECT 



ADDRESS MARK 
GEN. 



SYNC 



-OO-O-D- 

< < < < 
z z z z 

> CD O D 



Q RRC 



RG 
WG 



{J AMD" 



{J NRZO 



FIGURE 1(b): 32P4731/41 Block Diagram 
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FUNCTIONAL DESCRIPTION 

The SSI 32P4731/41 implement a high performance 
complete read channel, including pulse detector, 4-burst 
servo capture, programmable active filter, time base 
generator, and data separator with 1 ,7 RLL ENDEC, at 
data rates up to 40 Mbit/s (32P4741). A circuit block 
diagram is shown in Figure 1 . 

Pulse Detector Circuit Description 

The pulse detector, in conjunction with the 
programmable filter, provides all the data processing 
functions necessary for detection and qualification of 
encoded read signals. The signal processing circuits 
include a wide band variable gain amplifier; a wide 
bandwidth, high precision fullwave rectifier; and a dual 
rate charge pump. The entire signal path is fully- 
differential to minimize external noise pick up. 

AGC Circuit 

The gain of the AGC amplifier is controlled by the 
voltage (Vbyp) stored on the BYP hold capacitor (Cbyp) . 
A dual rate charge pump drives Cbyp with currents that 
depend on the instantaneous differential voltage at the 
DP/DN pins. Attack currents lower Vbyp which reduces 
the amplifier gain, while decay currents increase Vbyp 
which increases the amplifier gain. When the signal at 
DP/DN is greater than 1 00% of the programmed AGC 
level, the nominal attack current of 0.18 mA is used to 
reduce the amplifier gain. If the signal is greater than 
125% of the programmed AGC level, a fast attack 
current of eight (8) times nominal is used to reduce the 
gain. This dual rate approach allows AGC gain to be 
quickly decreased when it is too high yet minimizes 
distortion when the proper AGC level has been acquired. 

A constant decay current of 4 uA increases the amplifier 
gain when the signal at DP/DN is less than the 
programmed AGC level. The large ratio (0.18 mA:4 uA) 
of the nominal attack and nominal decay currents 
enables the AGC loopto respond to the peak amplitudes 
of the incoming read signal rather than the average 
value. A fast decay current mode is provided to allow 
the AGC gain to be rapidly increased to reduce the 
recovery time between mode switches. 

AGC Mode Control 

When write gate (WG) is driven high, the dual rate 
charge pump is disabled causing the AGC amplifier 
gain to be held constant. The input impedance of both 
the AGC amplifier and the programmable filter is 



reduced. When the WG pin transitions from high to low, 
the Low-Z mode is activated. In this mode, the input 
impedance at both the AGC amplifier and the 
programmable filter remain low to allow for quick 
recovery of the AC coupling capacitors. Directly following 
the Low-Z mode is the fast decay mode which allows 
rapid acquisition of the proper AGC level. In fast decay 
mode, an internal FET is switched on to drive a high 
current into the BYP pin. The current remains active 
until the signal at DP/DN is above 1 25% of the nominal 
amplitude, oruntil an internal timer expires. The duration 
of both the Low-Z and fast decay modes is internally set 
at a nominal 1 us. Fast decay mode is also triggered by 
a transition of the servo gate (SG) pin in eitherdirection. 
When the pulse detector is powered-down, Vbyp will be 
held constant subject to leakage currents only. Upon 
power-up, the Low-Z/fast decay sequence is executed 
to rapidly recover from any transients or drift which may 
have occurred on the BYP hold capacitor. 

External control for enabling t he dua l rate charge pump 
is also provided. Driving the HOLD pin low forces the 
dual rate charge pump output current to zero. In this 
mode, Vbyp will be held constant subject only to leakage 
currents. 



RDIO Output Pin 

A CMOS compatible inverted Read Data I/O (RDIO) is 
provided to monitor the pulse detector output. This pin 
will be held high when SG is low and either RG or WG 
are high to reduce noise and accompanying jitter 
during read or write modes. Its falling edge indicates 
the occurrence of valid data pulse. 

Qualifier Selection 

The 32P4731/41 provide both hysteresis and dual 
comparator pulse qualification circuits that may be 
independently selected for read mode and servo mode 
operation. For read mode operation the pulse qualifier 
method is selected by setting the MSB in the data 
threshold control register (DTCR). The lower 7 bits of 
the DTCR also set the hysteresis level of the 
comparators for read mode. For servo mode operation 
the pulse qualifier method is selected by setting the 
MSB in the servo threshold control register (STCR). 
The lower 7 bits of the STCR set the hysteresis level of 
the comparators for servo mode. 

Dual Comparator Qualification 

When in dual comparator mode, independent positive 
and negative threshold qualification comparators are 
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used to suppress the error propagation of a positive 
and negative threshold hysteresis comparator. However 
a slight amount of hysteresis is included to increase the 
comparator output time when a signal that just exceeds 
the threshold level is detected. This eases the timing 
with respect to the zero crossing clock comparator. A 
differential comparator with programmable hysteresis 
threshold allows differential signal qualification for noise 
rejection. The programmable hysteresis threshold, Vth, 
is driven by a multiplying DAC which is driven by the 
LEVEL voltage and referenced to VRC. Hysteresis 
thresholds from 1 to 80% may be set with a resolution 
of better than 1%. A parallel R-C network of RTD and 
CT sets the hysteresis threshold time constant when 
not in the Servo mode. A qualified signal zero crossing 
at the CP-CN inputs triggers the output one shot, 
Figure 2(a). 

Hysteresis Comparator Qualification 

When the hysteresis qualification mode is selected, the 
same threshold qualification comparators and clock 
comparators are usedto implement a polarity checking 
rule. In this mode, a positive peak that clears the 
established threshold level will set the hysteresis 
comparator and trigger the bidirectional one-shot that 
creates the read data pulses. In order to get another 
pulse clocked out, a peak of the opposite polarity must 



DP/DN 



CLOCK 




clearthe negative threshold level to reset the hysteresis 
comparator and triggerthe bidirectional one-shot. Figure 
2(b). 

Servo Demodulator Circuit Description 

The 32P4731/41 servo sections capture four separate 
servo bursts and provide A, B, C, and D burst outputs. 
Internal burst hold capacitors are provided to support 
low leakage burst capture and reduce external 
component count. To support embedded servo 
applications, the 32P4731/41 provides additional 
programming registers that set the filter cutoff frequency 
(/c) and the hysteresis threshold level (VTH) for servo 
mode. When SG is activated or deactivated there is a 
maximum 1 .5 us settling time for the internal DACs to 
recover from the register switching. 

Servo Mode Operation 

When the servo gate (SG) is asserted, the control 
DACs for fc and Vth switch from the data mode 
registers to the servo mode registers and the AGC 
goes into the fast decay mode. In addition, filter boost 
is disabled (as determined by the boost control bit) , the 
AGC level is adjusted according to the AGC Level DAC 
and the RTS servo time constant setting resistor is 
connected to VRC (VRC is the internal bandgap 
reference.) By disabling the boost and providing the 
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FIGURE 2(a): Dual Comparator Timing Diagram 
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FIGURE 2(b): Hysteresis Comparator Timing Diagram 



FUNCTIONAL DESCRIPTION (continued) 

servo control register for fc the servo signal to noise 
ratio can be greatly improved. When SG is activated or 
deactivated there is a maximum 1 .5 (is settling time for 
the internal DACstorecoverfromthe register switching. 
During servo mode, the AGC circuit remains active. A 
4-bit DAC (DACA) is used to set the AGC level over a 
range of 0.75 to 1.00 Vpp as follows: 

VAGC = 1 .00 - (DACA x 0.01667) Vpp 
where DACA is the value of the AGC Level register 

Typically, a servo preamble is used to achieve the 
desired AGC level and then the HOLD pin is asserted 
to hold the AGC gain. When SG goes low to terminate 
the servo mode, the AGC goes into the Fast Decay 
mode for 1 .0 jus to allow for fast transition into the read 
mode. 

Burst Capture 

Burst capture is controlled by a single external pin 
designated STROBE and an internal counter. When 
SG is active, the first pulse on the STROBE pin gates 
the output of the servo peak detector to the A burst hold 
capacitor. The capacitor charges for as long as the 
STROBE pulse is high. On the falling edge of the 
STROBE signal, the internal counter is incremented. 



The next STROBE pulse will then gate the servo peak 
detector output to the B burst hold capacitor. Again, the 
capacitor charges for as long as the STROBE pulse is 
high. On the falling edge of STROBE, the counter is 
incremented again and the C burst is captured on the 
next STROBE pulse. On the next falling edge of 
STROBE, the counter is incremented again and the D 
burst is captured on the next STROBE pulse. After the 
falling edge of the fourth STROBE pulse, the counter is 
reset to zero and the burst capture process can be 
repeated. The internal counter is also reset when the 
SG pin is deactivated. The voltage level on the hold 
capacitors are buffered and amplified to generate the 
servo output signals. A 1 .0 Vp-p differential voltage at 
the DP/DN pins will result in a 2.25V peak burst 
amplitude. The servo output signals (A, B, C, D) are 
referenced above an internal baseline of 0.5 volts. The 
output voltage at the MAXREF pin is a nominal 3.0V, 
and represents the maximum voltage to which the 
servo signal outputs will swing. It is typically used as the 
reference voltage for an external A/D converter. 
MAXREF is internally reduced to a 0.5 volt level, and 
establishes the servo zero-signal baseline. All four 
internal burst hold capacitors are discharged when the 
RESET pin is driven low. When the PKRESETbit is set 
high, the capacitors are reset belowthe 0.5 volt baseline. 
When PKRESET bit is low, the capacitors are reset to 
the 0.5 volt baseline. 
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The drive current of the servo peak detector charge 
pump is set by a 4-bit word (DACP) addressed through 
the serial port. The LSB value is 6 uA, and the offset is 
1 LSB such that "0000" corresponds to 6 jxA and 
"1111"results in 96 uA. Maximum noise immunity is 
obtained in the servo peak detector by choosing the 
smallest value of charge current to charge the internal 
1 pF hold capacitor during the burst acquisition time. 

Timing Outputs 

To support servo timing recovery, the pulse detector 
sect ton provide s a CMOS output of the servo information 
via the RDIO pin. A negative pulse is generated for 
each servo peak that is qualified through the pulse 
detector circuitry. Additional servo timing information is 
supported by the PPOL output. The PPOL pin provides 
pulse polarity information for the qualified peaks, where 
a high level TTL output indi cates a positive pulse. To 
reduce noise progagation, RDIO and PPOL will not 
toggle when either RG or WG are active. 



PROGRAMMABLE FILTER CIRCUIT DESCRIPTION 

The SSI 32P4731/41 programmable filter consist of an 
electronically controlled low-pass filter with a separate 
differentiated low-pass output. A seven-pole, low-pass 
filter is provided along with a single-pole, single-zero 
differentiator. Bothoutputs have matched group delays 
(< 1 ns typical.) A fixed delay of 1 .25 ns (typ.) is added 
to the differentiated outputs to guarantee set-up timing 
in the data qualifier circuit. The delay matching is 
unaffected by any amount of programmed equalization 
or bandwidth. Programmable bandwidth and boost/ 
equalization is provided by internal 7-bit control DACs. 
Differentiation pulse slimming equalization is 
accomplished by a two-pole, low-pass with a two-pole, 
high-pass feed forward section to provide 
complimentary real axis zeros. A variable attenuator is 
usedto program the zero locations. The filter implements 
a 0.05 degree equiripple linear phase response. 
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FIGURE 3: Servo Capture Timing 
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FUNCTIONAL DESCRIPTION (continued) 

The normalized transfer functions (i.e., coc = 2nfc = 1 ) 
are: 

Vnorm/Vi = [(-Ks 2 + 1 7.9801 6)/D(s)] x An 
and 

Vdiff/Vi =(Vnorm/Vi) x (s/0.861 33) x Ad 
Where D (s)= 

(s 2 +1 .68495S+1 .31 703)(s 2 +1 .54203 s+2.951 39)(s 2 + 
1 . 1 4558s+5.37034)(s+0.861 33) , 

An and Ad are adjusted for a gain of 2 at fs=(2/3)/c. 
Filter Operation 

AC coupled differentia[signals from the AGC amplifier 
are applied to the IN/IN inputs of the filter. Tojmprove 
settling time of the coupling capacitors, the IN/IN inputs 
are placed into a Low -Z state fo r 1 .0 us when WG goes 
inactive or when the PWRON pin is brought low. The 
programmable bandwidth and boost/equalization 
features are controlled by internal DACs and the 
registers programmed through the seriaf port. The 
current reference for both DACs is set using a single 
external resistor connected from pin RXto ground. The 
voltage at pin RX is proportional to absolute temperature 
(PTAT), hence the current for the DACs is a PTAT 
reference current. 

Bandwidth Control 

The programmable bandwidth is set by the f ilter cutoff 
DAC. This DAC has two separate 7-bit registers that 
can program the DAC value as follows: 



/c = 0.0708 x DACF (MHz), for the 32P4731 

fc = 0.1417 x DACF (MHz), for the 32P4741 

where DACF = DMCR or SMCR value 

In the data mode, the Data Mode Cutoff Register 
(DMCR) is used to determine the filter's 3 dB cutoff 
frequency. In the servo mode, the Servo Mode Cutoff 
Register (SMCR) is used. Switching of the registers is 
controlled by the servo gate (SG) pin. The filter cutoff 
set by the internal DAC is the unboosted 3 dB frequency. 
When boost/equalization is added, the actual 3 dB 
point will move out. Table 1 provides information on 
boost verses 3 dB frequency. 

Boost/Equalization Control 

The programmable equalization is also controlled by 
an internal DAC. The 7-bit Filter Boost Control Register 
(FBCR) determines the amount of equalization that will 
be added to the 3 dB cutoff frequency, as follows: 

Boost = 20 log [(0.0273 x FBCR) + 1] (dB) 

For example, with the DAC set for maximum output 
(FBCR = 7F or 1 27) there will be 1 3 dB of boost added 
at the 3 dB frequency. This will result in +1 dB of signal 
boost above the dB baseline. When SG is active the 
boost can be disabled by setting bit 7 in FBCR. When 
bit 7 is "0" and SG is active the boost will automatically 
be set to dB. If bit 7 is "1 " the boost will remain at its 
programmed value regardless of the state of SG. 

Time Base Generator Circuit Description 

The time base generator, which is a PLL based circuit, 
provides programmable reference frequency FOUT. 
The frequency can be programmed with an accuracy 



TABLE 1 : 3 dB Cutoff Frequency versus Boost Magnitude 
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betterthan 1 %. An external passive loopf ilter is required 
to control the PLL locking characteristics. The filter is 
fully-differential and balanced in order to suppress 
common mode noise. 

In Read, Write and Idle modes, the time base generator 
is programmed to provide a stable reference frequency 
(FOUT) for the data synchronizer. In Write and Idle 
modes, FOUT is the output of the time base generator. 
In Read mode FOUT is disabled after the data 
synchronizer has achieved lock and switched over to 
read data as the source for the RRC. This minimizes 
jitter in the data synchronizer PLL. The reference 
frequency is programmed using the M and N registers 
of the time base generator via the serial port, and is 
related to the external reference clock input, FREF, as 
follows: 

FOUT = ((M+1)/(N+1))FREF 

The VCO center frequency and the phase detector 
gain of the time base generator are controlled by an 
internal DAC addressed through the data recovery 
control register (DRCR). This DAC also sets the 1/3 cell 
delay, VCO center frequency, and phase detector gain 
for the data synchronizer circuitry. 

Fvco = [12.5/(RR+0.4)] x [(0.622 x IDAC) + 4.27] MHz 

where IDAC is the value in the DRCR and RR is the 
value (kQ) of the external RR resistor. 

DATA SEPARATOR CIRCUIT DESCRIPTION 

The data separator circuit provides complete encoding, 
decoding, and synchronization for RLL 1 ,7 format data. 
In the Read mode, the circuit performs sync field 
search and detect, data synchronization, address mark 
detection, and data decoding. In the Write mode, the 
circuit provides address mark generation, data 
encoding, and write precompensation for NRZ data 
applied to the NRZIN pin. Data rate is established by 
the time base generator and DACl.The DAC generates 
a reference current which sets the VCO center 
frequency, the phase detector gain, and the 1/3 cell 
delay. 

Phase Locked Loop 

The circuit employs a dual mode phase detector; 
harmonic in the Read mode and non-harmonic in the 
Write and Idle modes. In the read mode the harmonic 
pha se det ector updates the PLL with each occurrence 
of a DRD pulse. In the Write and Idle modes the non- 
harmonic phase detector is continuously enabled, thus 



maintaining both phase and frequency lock onto the 
reference frequency of the internal time base generator. 
By acquiring both phase and frequency lock to the input 
reference frequency and utilizing a zero phase restart 
technique, the VCO transient is minimized and false 
lock to DLYD DATA is eliminated. The phase detector 
incorporates a charge pump in order to drive the loop 
filter directly. The polarity and width of the output 
current pulses correspond to the direction and 
magnitude of the phase error. 

The data synchronizer also requires an external passive 
loopfilterto control its PLL locking characteristics. This 
filter is also fully-differential and balanced in order to 
suppress common mode noise. 

READ/WRITE MODE CONTROL 

The read gate (RG) and write gate (WG) inputs control 
the device operating mode. RG is an asynchronous 
input and may be initiated or terminated at any position 
on the disk. WG is also an asynchronous input, but 
should not be terminated prior to the last output write 
data pulse. 

Read Mode 

The data synchronizer utilizes a fully integrated fast 
acquisition PLL to accurately develop the decode 
window. Read gate (RG) initiates the PLL locking 
sequence and selects the PLL refere nce in put; a high 
level (read mode) selects the internal DRD signal and 
a low level selects the ref erenc e clock. In the read 
mode the falling edge of DRD enables the phase 
detector while the rising edge is phase compared to the 
rising edge of the VCO reference (VCOR.) As depicted 
in Figure 5, DRD is a 1/3 cell wide (TVCO) pulse whose 
leading edge is defined by the falling edge of RD. A 
decode window is developed from the VCOR clock. 

Read Mode Soft Sector Operation 

In soft sector operation the address mark must be 
detected before RG can be asserted to continue read 
mode operation. Soft sector operation is entered by 
driving the AM EN B pin high to initiate an address mark 
search function. An address mark pattern consists of 
two 8T patterns followed by two 12T patterns. The 
address mark detect circuit searches the internal read 
data (RD) for the address mark pattern. First the 
address mark detect circuit looks for a 6 "O's" within the 
8T patterns. Having detected a 6 "O's" the address 
mark detect circuit then looks for a 9 "O's" within the 1 2T 
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FIGURE 4: Read Mode Soft Sector Operation 



FUNCTIONAL DESCRIPTION (continued) 

patterns. If the 9 "O's" pattern is not detected within 5 
RD bits after detecting the 6 "O's" pattern, the address 
mark detect sequence will reset and look for a 6 "O's" 
pattern again. When the address mark d etect circuit 
has acquired a 6 "O's" , 9 "O's" sequence the AMD output 
transitions low. AMD will remain low until the AMENB 
input is driven low. Reference Figure 4. 

Preamble Search 

After the address mark (AM) has been detected, RG 
can be asserted to initiate the preamble search. When 
RG is asserted, an internal counter is triggered to count 
positive transitions of the internal read data, RD. Once 
the counter reaches count 3 (3 consecutive 3T patterns 
detected) the internal read gate is enabled. This switches 
the phase detector reference fr om th e internal time 
base to the delayed read data (DRD) signal. At the 
same time an internal zero ph ase re start signal restarts 
the VCO in phase with the DRD. This prepares the 
VCO to be synchronized to data when the bit sync 
circuitry is enabled after VCO lock is established. 

VCO Lock and Bit Sync Enable 

One of two VCO locking modes will be entered 
depending on the state of the gain shift (GS) bit, or bit 
1 , in the Control B register. If GS = "1 ", the phase 
detector will enter a gain shift mode of operation. The 
phase detector starts out in a high gain mode of 
operation to support fast phase acquisition. After an 
internal coun ter counts the first 14 transitions of the 
internal DRD signal, the gain is reduced by a factor of 3. 



This reduces the bandwidth and damping factor of the 
loop by V3 which provides improved jitter performance 
in the data f ollow mode. The counter continues to count 
the next 4 DRD transitions (a total of 19 x 3T from 
assertion of RG) and then asserts an internal VCO lock 
signal. The VCO lock signal activates the decoder bit 
synchronization circuitry to define the proper decode 
boundaries. The next 2 x 3T patterns are used to set the 
proper decode window so that VCO is in sync with RRC 
and RRC is in sync with the data. Following this, the 
NRZ output is enabled and the data is toggled through 
the decoder for the duration of the RG. 

When the VCO lock signal is asserted, the internal 
RRC source is also switched from the time base 
ge nerat or to the VCO clock signal that is phase locked 
to DRD. During the internal RRC switching period the 
external RRC signal may be held for a maximum of 2 
NRZ clock periods, however no short duration glitches 
will occur. 

When the GS bit is set to "0" the phase detector gain 
shift function is disabled. The VCO lock sequence is 
identical to that of the gain shift mode explained above, 
except that no gain shift is made after the first 15 
transitions. 

Split Field Servo Operation 

The data separator circuit supports split field servo 
operation. For soft sector operation, the AMENB pin is 
asserted only at the beginning of the data sector (see 
Figure 7.) Within the data sector and following the 
servo burst, it is not necessary to provide another 
address mark pattern. 
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FIGURE 5: Data Synchronization Waveform 



When SG goes low after the servo burst, the hard 
sector VCO lock sequence is automatically initiated. 
This reduces the overhead required. 

READ MODE HARD SECTOR OPERATION 

The hard sector operation is entered b y hold ing the 
AMENBpin low. In hard sectoroperation, AMD remains 
inactive and the address mark search sequence is not 
entered. The hard sector read operation starts with 
assertion of the RG. Once read gate is asserted the 
VCO lock sequence is identical to the soft sector 
operation. 

Window Shift 

Shifting the phase of the VCO clock effectively shifts 
the relative position of the DRD pulse within the decode 



window. Decode window control is provided via the WS 
control bits of the Window Shift Control Register 
(WSCR). Further description of the WSCR will follow. 

Non-Read Mode 

In the non-Read modes, the PLL is locked to the 
reference clock. This forces the VCO to run at a 
frequency which is very close to that required for 
tracking actual data. When the reference input to the 
PLL is switched, the VCO is stopped momentarily, then 
restarted in an accurate phase alignment with the next 
PLL reference input pulse. By minimizing the phase 
alignment error in this manner, the acquisition time is 
substantially reduced. 
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FIGURE 6: NRZ Data Word to 1 , 7 Code Word Bit Comparision 

(Reference Table 4 for decode scheme) 
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FUNCTIONAL DESCRIPTION (continued) 
Write Mode 

In the Write mode the circuit converts NRZIN data from 
the controller into 1 ,7 RLL formatted data for storage on 
the disk. In soft sector operation the circuit generates 
an address mark and a preamble pattern. In hard 
sector operation the circuit generates the preamble 
pattern but no preceding address mark. Write mode is 
entered by asserting WG while the RG is held low. 
During Write mode the VCO and the RRC are referenced 
to the internal time base generator signal, FOUT. 

Write Mode Soft Sector Operation 

In soft sector operation an address mark pattern is 
written prior to the preamble and encoded data. To 
initiate the soft sector mode the AMENB is asserted 1 
NRZ period after WG is asserted. Once AMENB is 
asserted, the address mark pattern of two 8T patterns 
followed by two 1 2T patterns is automatically generated. 
Following the address mark pattern, 3T patterns will be 
generated as long as the NRZIN data is held low. While 
the address mark and preamble are being written the 
encoder is active. Therefore, WCLK must be toggling 
and NRZIN must be held low ("0".) The first non zero 
NRZIN input bit indicates the end of the preamble 
pattern. After a delay of 5 NRZIN bit time periods, non- 
preamble data begins to toggle out of WD. At the end 
of the write cycle, 5 bits of blank NRZ time passes to 
insure the encoder is flushed of data before the WG can 
be transitioned low. WD stops toggling a maximum of 
2 NRZ (RRC) time periods after WG goes low. Reference 
Figures 9 and 12 for detailed timing information. 

Write Mode Hard Sector Operation 

In hard sector operation AMENB is held low and no 
address mark pattern is generated. The preamble 
pattern is generated in the same sequence as the soft 
sectoroperation. During preamble generation the WCLK 
is toggled and NRZIN data is held low ("0".) Termination 
of a hard sector write operation follows the same 
sequence as soft sector mode. 

Direct Write Function 

The 32P4731/41 includes a Direct Write (DW) function 
that allows the NRZIN data to bypass the encoder and 
write precomp circuitry. When the DW bit is set in the 
CBR , the data applied to N RZIN will bypass the encoder 
and write precomp and directly control the WD output 
buffer. This allows the user to perform DC erase and 
media tests. 



Operating Modes and Control 

The 32P4731/41 has several operating modes that 
support read, write, servo, and power management 
functions. Mode selection is accomplished by controlling 
the read gate (RG), write gate (WG), servo gate (SG), 
and PWRON pins. Additional modes are also controlled 
by programming the Power Down Control Register 
(PDCR), the Control A (CAR) register, and the Control 
B (CBR) register via the serial port. 

External Mode Control 

For normal operation the PWRON pin is driven low. 
During normal operation the 32P4731/41 is controlled 
by the read gate ( RG) , write gate ( WG) , and servo gate 
(SG) pins. (Reference Table 2.) 

Control Registers 

Control registers CAR and CBR allow the user to 
configure the 32P4731/41 test points for evaluation of 
different internal signals and also control other device 
functions. CAR controls functions of the pulse detector, 
filter, and time base generator. CBR controls test 
points and functions of the data separator. 

Power Down Control 

For power management, the PWRON pin- can be used 
in conjunction with the Power Down Control Register 
(PDCR) to set the operating mode of the device. The 
PDCR provides a control b it for each of the functional 
blocks. When the PWRON pin is brought high ("1 ") the 
device is placed into Sleep mode (<5 mWj and all 
circuits are powered down except the serial port. This 
allows the user to program the serial port registers 
while still conserving power. Register information is 
retained during the Sleep mode so it is not necessary 
to reprogram the serial port registers after returning to 
an Active mode. When the PWRON pin is driven low 
("0") , the contents of the PDCR determine which blocks 
will be active. Register mapping forthe PDCR is shown 
in Table 3. To improve recovery time from the Sleep 
mode, the inputs to the AGC, Filter and DP/DN are 
placed into a Low-Z mode for 1 jus. 

Following the Low-Z mode the AGC is placed into the 
fast decay mode. 
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Serial Interface Operation 

The serial interface is a bi-directional port for reading 
and writing programming data from/to the internal 
registers of the 32P4731/41 . For data transfers SDEN 
is brought high, serial data is presented at the SDATA 
pin, and a serial clock is applied to the SCLK pin. After 
the SDEN goes high, the first 1 6 pulses applied to the 
SCLK pin will shift the data presented at the SDATA 
pin into an internal shift register on the rising edge of 
each clock. An internal counter prevents more than 1 6 
bits from being shifted into the register. The data in the 
shift register is latched when SDEN goes low. If less 
than 16 clock pulses are provided before SDEN goes 
low, the data transfer is aborted. 

All transfers are shifted into the serial port LSB first. 
The first byte of the transfer is address and instruction 
information. The LSB of this byte is the R/W bit which 
determines if the transfer is a read ( 1 ) or a write (0) . The 
remaining 7-bits determine the internal register to be 
accessed. Table 3 provides register mapping 
information. The second byte contains the programming 
data. In read mode (R/W = 1) the 32P4731/41 will 
output the register contents of the selected address. In 
write mode the device will load the selected register 
with data presented on the SDATA pin. At initial power- 
up, the contents of the internal registers will be in an 
unknown state and they must be programmed prior to 
operation. During power down modes, the serial port 
remains active and register programming data is 
retained. Detailed timing information is provided in 
Figure 13(b) and in the electrical specifications. 
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ADDRESS 


19X3T 


2X3T 


DATA 


SERVO 


19X3T 


2X3T 


DATA 




MARK 

















MM5 | f~ 

SG 



FIGURE 7: Split Field Servo Operation 



NRZOUT 



AMD 



- Torc - 



Tfrc— - 



\*- Trrc — »\ 



_7\ 



*■ Tns 



FIGURE 8: NRZ Read Timing 



WCLK 



NRZIN 



-Towc- 



■•-TSNRZ- 



1.5V 

Tfwc- 



— * [*- Trwc — \ 



-Thnrz-* 



\ / |\ A 

N / Tfwd J N A ITrwd 

twd -A ~1 r "1 r 



FIGURE 9: WD and NRZ Write Timing 
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7"0"(8T) 7'0"(8T) 11"0" (12T) 



11"0"M2-n PREAMBLE 
11 (121) 3T PATTERN 



RD 

(internal) 



ru u u u \nnr 

1 0000000 1 0000000 1 00000000000 1 00000000000 1 001 001 00 



AMENB 



!_r 



AMD " 



CASE 1 



1 NRZ (min) 



6"0" DETECT 9"0" DETECT 

BISTABLE 



-TRISTATE- 



AMENB 



3 _r 



CASE 2 



1 NRZ (min) 



AMD ' 



6"0" DETECT 9"0" DETECT 



-BISTABLE- 



TR I STATE 



AMENB 



3 _r 



AMD 



CASE 3 



6"0" DETECT 

BiSTABLE- 



9"0" DETECT 



AFTER DETECTING A 6 "0" PATTERN, A RESTART WILL OCCUR IF 5 BIT 
TRANSITIONS ARE COUNTED BEFORE A 9 "0" PATTERN IS DETECTED 



1 NRZ (min) ^ ^ 



TRISTATE 



(internal) 



6 "0" DETECT' 



1 2 3 4 5 



FIGURE 10: Address Mark Search (Soft Sector) 
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RG | 



RG 
(internal) . 



RD" 

(internal) 



ZERO PHASE 
RESTART 



FLTR 



ITLTLTi 

1 00 1 00 1 00i 



RRC " 



TTT 



X ^ XI XX XX XX-XX )T 



BIT SYNC ■ 
SEARCH 



2NRZ 



(inax) 



*j 2 NRZ (max) ^ — *j 2NRZ(max) |* — *j 



- ENABLE - 



I I 



/X — x\ 



RRC - 
SOURCE 

PHASE 
DETECTOR - 
SOURCE 

INTERNAL 
COUNTER " 
"3T" 



FREF CLOCK 



I I 
I I 



3 14 I 19 , 



FIGURE 11 : Read Mode Locking Sequence (Hard and Soft Sector) 
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RG 



WG 


1NRZ(min) 1NRZ(min) 


H 




WG 

(internal) 













AMENB 



NRZIN 



WD 



FLTR 

VCO 
LOCK 

VCO 
SOURCE 

RRC 



38 NRZ (min) IF NO AMENB 
65 NRZ (min) WITH AMENB 



/X— x\ 



3 x 3T DELAY 
(max) 



5 NRZ (max) 



o n n n aT n 8T o ^ n ™ n n /f n nn 



ADDRESS MARK 



L_J 5 NRZ PAD 
' 1 TO FLUSH 
ENCODER 



ENCODE 
DATA 



A. 



PREAMBLE 
21x3T 



SOURCE 



VCO/3 < 



■ FREF/2 



FREF/3 

2 NRZ (max) 



FIGURE 12: Write Data Operation (Hard and Soft Sector) 
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TABLE 2: Mode Control Table 





CONTROL 
LINES 

z 
o 

DC 

5 o o g 

ct DC CO 5 


DEVICE MODE: 


DAC CONTROL 

LU 

co - 1 
x o o 
k o o g 

> Li. DQ < 


1 X X X 


SLEEP MODE: All functions are powered down. The serial 
port registers remain active and register programming data 
is saved. 


Off Off Off Off 


1 


WRITE MODE: The pulse detector is inactive. The data 
synchronizer VCO is locked to the internal time base 
generator. Write precomp circuit is clocked by internal time 
base. RDIO and PPOL are inactive. 


DR DR DR DR 


1 X 


READ MODE: The pulse detector is active. The data 
synchronizer begins the preamble lock sequence. RDIO and 
PPOL are inactive. 


DR DR DR DR 


X 1 X 


SERVO MODE: The pulse detector is active and the servo 
control registers are enabled for the Fc DAC and the VTH 
DAC. RDIO and PPOL are active. The data synchronizer and 
time base generator can be disabled using the PDCR. 


SR SR off SR 





IDLE MODE: The contents of the PDCR determine which 
blocks are powered-up. In normal operation with all blocks 
powered-up, the pulse detector is active, the data synchronizer 
VCO is locked to the time base generator, and the data control 
registers are used for VTH and FC. 


DR DR DR DR 




If multiple control signals are active, the priority order will be 
PWRON, SG, RG, and WG. For example, if SG and RG are 
both "1", the servo mode will be active. 





DAC CONTROL Key: DR = data register, SR = servo register, off = disabled 
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REGISTER NAME 


CD 
< 


ADDRESS 


o 

< 


R/W I 


D7 




DATA BIT MAP 






DO 


POWER DOWN CONTROL 

















1 








-- 




- 


TBG 
1=DISABLE 
0=ENABLE 


DATA SEP 
1=DISABLE 
0=ENABLE 


FILTER 
1=DISABLE 
0=ENABLE 


- 


PD/SERVO 
1=DISABLE 
0=ENABLE 


DATA MODE CUTOFF 

















1 


1 





* 


DAC 
BIT 6 


DAC 
BIT 5 


DAC 
BIT 4 


DAC 
BIT 3 


DAC 
BIT 2 


DAC 
BIT1 


DAC 
BITO 


SERVO MODE CUTOFF 








1 








1 


1 





* 


DAC 
BIT 6 


DAC 
BIT 5 


DAC 
BIT 4 


DAC 
BIT 3 


DAC 
BIT 2 


DAC 
BIT1 


DAC 
BITO 


FILTER BOOST 











1 





1 


1 





SRVO BST 
1=ENABLE 
0=DISABLE 


DAC 
BIT 6 


DAC 
BIT 5 


DAC 
BIT 4 


DAC 
BIT 3 


DAC 
BIT 2 


DAC 
BIT1 


DAC 
BITO 


DATA THRESHOLD 











1 





1 








1=DUAL 
0=HYS 


DAC 
BIT 6 


DAC 
BIT 5 


DAC 
BIT 4 


DAC 
BIT 3 


DAC 
BIT 2 


DAC 
BIT1 


DAC 
BITO 


SERVO THRESHOLD 








1 








1 








1=DUAL 
0=HYS 


DAC 
BIT 6 


DAC 
BIT 5 


DAC 
BIT 4 


DAC 
BIT 3 


DAC 
BIT 2 


DAC 
BIT1 


DAC 
BITO 


CONTROL A 








1 


1 





1 








Fast Decay 
test mode 
0=ENABLE 


TMS1 


TMSO 


TBG 
1=BYPASS 
0= NORMAL 


TBG TEST 
POINT 
ENABLE 


PUMP DWN 
1=TP ON 
0=TP OFF 


PUMP UP 
1=TP ON 
0=TP OFF 


PHASE DET 
1=ENABLE 
0=DISABLE 


CONTROL B 











1 


1 











* 


MTPE 
1=ENABLE 
0=DISABLE 


PUMP DWN 
1=TPON 
0=TP OFF 


PUMP UP 
1=TP ON 
0=TP OFF 


PHASE DET 
1= ENABLE 

v-UIOHULL 


RDI 
1 r INPUT 
= OUTPUT 


GAIN SHFT 
1 =ON 
= OFF 


DIR WRITE 
1 =ON 
= OFF 


N COUNTER 














1 


1 








* 


N COUNT 
BIT 6 


N COUNT 
BIT 5 


N COUNT 
BIT 4 


N COUNT 
BIT 3 


N COUNT 
BIT 2 


N COUNT 
BIT1 


N COUNT 
BITO 


M COUNTER 











1 


1 


1 








M COUNT 
BIT 7 


M COUNT 
BIT 6 


M COUNT 
BIT 5 


M COUNT 
BIT 4 


M COUNT 
BIT 3 


M COUNT 
BIT 2 


M COUNT 
BIT1 


M COUNT 
BITO 


DATA RECOVERY 














1 













IDAC 
BIT 6 


IDAC 
BIT 5 


IDAC 
BIT 4 


IDAC 
BIT 3 


IDAC 
BIT 2 


IDAC 
BIT1 


IDAC 
BITO 


WINDOW SHIFT 














1 





1 





TDAC1 


TDACO 


WIN SHFT 
1=ENABLE 
0=DISABLE 


WSDIR 
1=LATE 
OrEARLY 


WS3* 


WS2* 


WS1* 


WSO* 


WRITE PRECOMP 











1 


1 





1 





PK RESET 
1=HI RES 
OrNORMAL 


WL2* 


WL1* 


WLO* 


WR PRCMP 
1=ENABLE 
0=DISABLE 


WE2* 


WE1* 


WEO* 


AGC LEVEL 





1 











1 








DACP 
BIT 3 


DACP 
BIT 2 


DACP 
BIT1 


DACP 
BITO 


DAC 
BIT 3 


DAC 
BIT 2 


DAC 
BIT1 


DAC 
BITO 



'These bits are used only for testing. They should be 
programmed to in actual operation. 

TABLE 3: Serial Port Register Mapping 



SSI 32P4731/41 

Read Channel with 

1,7 ENDEC, 4-burst Servo 



Control Register CA: 



BIT 


NAME 


FUNCTION 





EPDT 


Enable Phase Detector (Time Base Generator): This bit disables the output of the 
phase detector to the VCO. An external voltage applied across the TFLT pins drives 
the VCO to a fixed frequency. 
1 = Phase detector active 

n — Pha<5P Hptpptnr rharnp numn HtaahlpH 


1 


UT 


Enable Pump Up Current (Time Base Generator): This bit enables a test mode for 
checking the charge pump output current. The charge pump will source a fixed DC 
nurrpnt from TFI T and ^ink thp nurrpnt at TFLT 

\sU 1 1 vl II 1 1 v/l 1 1 1 1 I— . 1 dllVJ Olllix 11 Iw VsU 1 1 Will ui II 1— 1 • 

= No current 

1 = Maximum charge pump current 


2 


DT 


Enable Pump Down Current (Time Base Generator): This bit enables a test mode for 

phprkinn thp rharnp numn outnnt rurrpnt Thp rharnp numn will ^nurrp a HypH DC 1 . 

current from TFLT and sink the current at TFLT. 

= No current 

1 = Maximum charge pump current 


3 


ET 


This bit enables the MTP3 test point output buffer. 

= Test point disabled 

1 = Test point enabled 


4 


BYPT 


This bit enables a time base generator bypasses mode where the FREF input is 
connected to the phase detector input. 

= Time base enabled 

1 = Time base bypassed 


5/6 


TMSO/1 


These bits select the test point signal sources (refer to Table 7). 


7 


FDTM 


This bit continuously enables the AGC fast decay current. 

= Fast decay current always on 

1 = Normal fast decay operation 


Control Register CB: 





DW 


This bit enables the direct write (Bypass ENDEC) function. 

= Normal operation 

1 = Bypass encoder, NRZO directly to WD/WD 


1 


GS 


This bit enables the phase detector gain switching in read mode. 

= Normal operation 

1 = Gain shift after 14 x 3T (read mode only) 


2 


RDI 


This bit enables the RDIO pin as an input 

= RDIO is an output 

1 = RDIO is an input 


3 


EPDD 


Enable Phase Detector (Data Separator): This bit disables the output of the phase 

detector to the VCO. An external voltage applied across the DFLT pins drives the VCO 

to a fixed frequency. 

1 = Phase detector active 

= Phase detector charge pump disabled 
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Control Register CB: (continued) 



RIT 


MAMC 
M Ml VIC 


FUNCTION 


4 


UD 


Enable Pump Up Current (Data Separator): This bit enables a test mode for checking 
the charge pump output current. The charge pump will source a fixed DC current from 
urL i ana sinK ine current ai uri_ i . 

= No current 

1 = Maximum charge pump current 


5 


DD 


Enable Pump Down Current (Data Separator): This bit enables a test mode for 
checking the charge pump output current. The charge pump will source a fixed DC 
current from DFLT and sink the current at DFLT. 

= No current 

1 = Maximum charge pump current 


6 


MTPE 


This bit enables the multiplexed test points (MTP1 , 2, 4) 

= Test points disabled 

1 = Test points enabled 


7 




Not used, must be programmed to 0. 



SDEN 
SDATA 



SCLK 



ADDRESS, 8-BIT DATA, 8-BIT 



FIGURE 13(a): Serial Port Data Transfer Format 
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PIN DESCRIPTION 
POWER SUPPLY PINS 



NAME 


TYPE 


DESCRIPTION 


VPA 




Data separator PLL analog power supply pin. 


VPB 




Time base generator PLL analog power supply pin. 


VPC 




Internal ECL, CMOS logic power supply pin. 


VPD 




TTL buffer I/O digital power supply pin. 


VPG 




Pulse detector, filter, servo analog power supply pin. 


VNA 




Data separator PLL analog ground pin. 


VNB 




Time base generator PLL analog ground pin. 


VNC 




Internal ECL, CMOS logic ground pin. 


VND 




TTL buffer I/O digital ground pin. 


VNG 




Pulse detector, filter, servo analog ground pin. 


INPUT PINS 


VIA, VIA 


I 


AGC AMPLIFIER INPUTS: Differential AGC amplifier input pins. 


DP, DN 


I 


ANALOG INPUTS FOR DATA PATH: Differential analog inputs to data 
comparators, full-wave rectifier. 


CP, CN 


I 


ANALOG INPUTS FOR CLOCK PATH: Differential analog inputs to the clock 
comparator. 


PWRON 


I 


Power Enable: CMOS compatible powercontrol input. A low level CMOS input 
enables power to circuitry according to the contents of the PDCR. A high level 
CMOS input shuts down all circuitry. 


HOLD 


I 


HOLD CONTROL: TTL compatible control pin which, when pulled low, 
disables the AGC charge pump and holds the AGC amplifier gain at its present 
value. 


STROBE 


I 


BURST STROBE: TTL compatible burst strobe input. A high level TTL input 
will enable the servo peak detector to charge one of the burst capacitors. The 
falling edge of STROBE increments an internal counter that determines which 
burst capacitor will charge on the next STROBE pulse (reference Figure 3 for 
timing.) 


RESET 


I 


RESET CONTROL INPUT: TTL compatible reset input. A low level TTL input 
will discharge the internal servo burst hold capacitors on channels A-D. 


IN, IN 


I 


FILTER SIGNAL INPUTS: The AGC output signals must be AC coupled into 
these pins. 


FREF 


I 


REFERENCE FREQUENCY INPUT: Frequency reference input for the time 
base generator. FREF may be driven either by a direct coupled TTL signal or 
by an ac coupled ECL signal. Pin FREF has an internal pull down resistor. 
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INPUT PINS (continued) 



NAME 


TYPE 


DESCRIPTION 


AMENB 


I 


ADDRESS MARK ENABLE: TTL compatible input. A high level TTL input will 
enable the address mark generation circuitry in write mode and the address 
mark detect circuitry in read mode. 


NRZIN 


I 


NRZ INPUT: TTL compatible write data NRZ input. This pin can be connected 
to the NRZO pin to form a bidirectional data port. Pin NRZIN has an internal 
pull up resistor. 


RG 


I 


READ GATE: TTL compatible read gate input. A high level TTL input selects 
the RD input and enables the read mode/address mark detect sequences. A 
low level selects the FREF input. See Table 5. 


SG 


I 


SERVO GATE: TTL compatible servo gate input. A high level TTL input 
activates the servo mode by selecting the servo control registers, the RDIO 
pin, and the RTS resistor. 


WCLK 


I 


WRITE CLOCK: TTL compatible write clock input. Must be synchronous with 
the Write Data NRZ input. For short cable delays, WCLK may be connected 
directly to pin RRC. For long cable delays, WCLK should be connected to an 
RRC return line matched to the NRZ data bus line delay. 


WG 


I 


WRITE GATE: TTL compatible write gate input. A high level TTL input enables 
the write mode. See Table 5. 


OUTPUT PINS 


AMD 





ADDRESS MARK DETECT: Address mark detect CMOS compatible output. 
Tristate output pin that is high impedance state when RG is low. When AMENB 
is high, this output indicates address mark search status. A low level output 
appears when an address mark has been detected. A low level on the AMENB 
pin resets AMD. 


MTP1,2,3 





MULTIPLEXED TEST POINTS: Open emitter ECL output test points. Internal 
test signals are routed to these test points as determined by the CAR and CBR. 
Two external resistors are required to use this pin. They should be removed 
during normal operation to reduce power dissipation. See Table 7. 


NRZO 





NRZ OUTPUT DATA: NRZ data CMOS compatible output. Tristate output pin 
that is in its high impedance state when RG is low. Read data output when RG 
is high. 


OD.OD 





DIFFERENTIAL DIFFERENTIATED OUTPUTS: Filter differentiated outputs. 
These outputs are AC coupled into the CP/CN inputs. 


ON, ON 





DIFFERENTIAL NORMAL OUTPUTS: Filter normal low pass output signals. 
These outputs are AC coupled into the DP/DN inputs. 


PPOL 





PULSE POLARITY: Pulse polarity CMOS compatible output. The output is 
high when the pulse being qualified is positive and it is low when the pulse 
being qualified is negative. 
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PIN DESCRIPTION (continued) 



INPUT PINS (continued) 



MAMF 


TYPF 


nF^PRIPTION 
uuOvnir i iuii 


RDIO 





READ DATA I/O: Bi-directional CMOS pin. RDIO is an output when the SG is 
active or the RDI bit is low in the CBR. RDIO is an input when the RDIO bit is 
high in the CBR. The SG overrides the bit in the CBR. RDIO is high impedance 
when SG is low and RG or WG is high. 


RRC 





READ REFERENCE CLOCK: Read clock CMOS compatible output. During 
a mode change, no glitches are generated and no more than one lost clock 
pulse will occur. When RG goes high, RRC initially remains synchronized to 
FOUT. When the Sync Bits are detected, RRC is synchronized to the DRD. 
When RG goes low, RCC is synchronized back to the FOUT. 


VOA, VOA 





AGC AMPLIFIER OUTPUT: Differential AGC amplifier output pins. These 
outputs are ac coupled into the filter inputs (IN/IN). 


WD 





WRITE DATA: Encoded write data CMOS compatible output. The data is 
automatically resynchronized (independent of the delay between RRC and 
WCLK) to the FREF reference clock. When direct write is active WD is NRZIN 
data. 


ANALOG PINS 


A, B, C, D 




SERVO OUTPUTS: These outputs are processed versions of the voltages 
captured on the servo hold capacitors. They are referenced to SREF. 


BYP 




The AGC integrating capacitor CBYP, is connected between BYP and VPG. 


TFLT/TFLT 




PLL LOOP FILTER: These pins are the connection points for the time base 
generator loop filter. 


DACOUT 




DAC VOLTAGE TEST POINT: This test point monitors the outputs of the 
internal DACs. The source DAC is selected by programming the two MSBs of 
the WSCR register: 

TDAC1 TDACO DAC MONITORED 

Filter fc DAC 

1 Qualifier threshold DAC (VTH) 

1 Window shift DAC 

1 1 Write precomp DAC 


DFLT/DFLT 




PLL LOOP FILTER: These pins are the connection points for the data 
separator loop filter. 


LEVEL 




An NPN emitter output that provides a full-wave rectified signal from the DP, 
DN inputs. An external capacitor should be connected from LEVEL to VPG to 
set the hysteresis threshold time constant in conjunction with RTS and RTD. 
An internal current source provides 50 jjA of pull-down current at this pin. 


RR 




REFERENCE RESISTOR INPUT: An external 1% resistor is connected from 
this pin to ground to establish a precise internal reference current for the data 
separator and time base generator. 
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INPUT PINS (continued) 



NAME 


TYPE 


DESCRIPTION 


RTS 




SERVO TIME CONSTANT RESISTOR INPUT: An external resistor is con- 
nected from this pin to LEVEL to establish the hysteresis threshold time 
constant when in Servo mode. 


RTD 




DATA TIME CONSTANT RESISTOR INPUT: An external resistor is con- 
nected from this pin to LEVEL to establish the hysteresis threshold time 
constant when not in Servo mode. 


RX 




REFERENCE RESISTOR INPUT: An external 1% resistor is connected from 
this pin to VNG to establish a precise PTAT (proportional to absolute 
temperature) reference current for the filter. 


MAXREF 




SERVO REFERENCE: An external voltage output that can be used as the 
reference for an external AID converter This represents the maximum output 
voltage for the A, B, C, and D outputs. 



SERIAL PORT PINS 



SDEN 




SERIAL DATA ENABLE: Serial enable CMOS compatible input. A high level 
input enables the serial port. 


SDATA 




SERIAL DATA: Serial data CMOS compatible input. NRZ programming data 
for the internal registers is applied to this input. 


SCLK 




SERIAL CLOCK: Serial clock CMOS compatible input. The clock applied to 
this pin is synchronized with the data applied to SDATA. 
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ELECTRICAL SPECIFICATIONS 

Unless otherwise specified, the recommended operating conditions are as follows: 4.5V < POSITIVE 
SUPPLY VOLTAGE < 5.5V, 0°C < T (ambient) < 70°C, and 25°C < T(junction) < 1 35°C. Currents flowing into 
the chip are positive. Current maximums are currents with the highest absolute value. 

ABSOLUTE MAXIMUM RATINGS 

Operation beyond the maximum ratings may damage the device 



PARAMETER 


RATING 


Storage Temperature 


-65tOl50°C 


Junction Operating Temperature 


+135°C 


Positive Supply Voltage (Vp) 


-0.5 to 7V 


Voltage Applied to any pin 


-0.5V to Vp + 0.5V 



POWER SUPPLY CURRENT AND POWER DISSIPATION 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


ICC (VPA, VPB, VPC, VPD, VPG) 


Outputs and test (32P4731 ) 
point pins open @ 24 Mb/s) 




80 




mA 


Ta = 27°C (32P4741) 
Vpn = 5.0 V @ 40 Mb/s 




too 




mA 


PWR 

Power Dissipation 


Outputs and test (32P4731 ) 
point pins open, @ 24 Mb/s 




400 




mW 


Ta = 27°C (32P4731) 
Vpn = 5.0 V @ 40 Mb/s 




500 




mW 


Sleep Mode Power 


PWRON = 1 






1 


mW 


Servo Mode Power 


PWRON = 

TBG Disabled 

Data Separator Disabled 




200 




mW 


DIGITAL INPUTS AND OUTPUTS 
TTL Compatible inputs 


Input low voltage VIL 




-0.3 




0.8 


V 


Input high voltage VIH 




2.0 




VPD+0.3 


V 


Input low current Ill- 


VIL=0.4V 






-100 


MA 


Input high current IIH 


VIH = 2.4V 






50 


ma 
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CMOS Compatible Inputs - Schmitt trigger type, do not leave open. Nominal 1 .0 V hysteresis around 
VPD/2. 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


Input low voltage 




-0.3 




1.5 


V 


Input high voltage 




3.5 




VPD+0.3 




CMOS Compatible Outputs 


Output low voltage 


5.0 V, 25 °C 
IOL = 4.07 mA 






0.5 


V 


Output high voltage 


5.0 V, 25 °C 
IOH = -4.83 mA 


4.5 






V 


Rise time 


4.5V, 70 °C, C =15 pF, 0.8 to 2.0V 






3.0 


ns 


Fall time 


4.5V, 70 °C, C = 15 pF, 0.8 to 2.0V 






4.0 


ns 


Test Point Output Levels (MTP1 , MTP2, MTP3) 


Output high level 


261QtoVPA 
402Q to AGND 
VPA = 5.0V 


VPA-1.02 






V 


Output low level 


261 a to VPA 
402Q to AGND 
VPA = 5.0V 






VPA-1.62 


V 


Serial Port 


SCLK period 


TCKL 


R/W Bit = (Write) 


100 






ns 






R/W Bit = 1 (Read) 


140 






ns 


SCLK low time, 


TCKL 


R/W Bit = (Write) 


40 






ns 






R/W Bit = 1 (Read) 


60 






ns 


SCLK high time, 


TCKH 


R/W Bit = (Write) 


40 






ns 






R/W Bit = 1 (Read) 


60 






ns 


Enable to SCLK 


TSENS 




35 






ns 


SCLK to disable 


TSENH 




100 






ns 


Data set-up time 


Tds 




15 






ns 


Data hold time 


Tdh 




15 






ns 


SDATA tri-state delay 


TSENDL 








50 


ns 


SDATA turnaround time 


Ttrn 


R/W Bit = 1 (Read) 


70 






ns 


SDEN low time 


Tsl 




200 






ns 


SCLK to Valid Data 


TSKEW 


R/W Bit = 1 (Read) 






50 


ns 
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SDATA 
(READ) 




J R/W ^ APPRO ""j^ ^ ADDR6 J \ ^ X DATA 7 ) ~ 

^ R/W I APPRO ^ j| APPR6 J ~ \ ^ X ° ATA 7 ) "" 



FIGURE 13(b): Serial Port Timing Information 

ELECTRICAL SPECIFICATIONS (continued) 
PULSE DETECTOR CHARACTERISTICS 

AGC Amplifier _ 

Input signals are AC coupled to VIA/VIA, VOA/VOA outputs are AC coupled tolN/IN, and ON/ON are AC 
coupled to DP/DN. A 1 000 pF capacitor (CB YP) is connected from BYP to VPG. Unless otherwise specified, 
outputs are measured differentially at VOA/VOA, FIN = 4 MHz, and filter boost = dB. 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


Input range 


Filter boost = dB 
Filter boost = 11 dB 


22 




240 


mVpp 


20 




100 


mVpp 


DP-DN voltage 


VIA-VlA = 0.1 Vpp 


0.90 




1.10 


Vpp 


DP-DN voltage variation 


22 mV < VIA-ViA < 240 mV 






5 


% 


Gain range 




1.9 




22 


V/V 


Gain sensitivity 


BYP voltage change 




28 




dB/V 


VOA-VOA dynamic range 


THD = 1% max 


0.75 






Vpp 


Differential input impedance 


WG = low 


4.7 


6.0 


8.4 


kQ 


WG = high; or Low-Z 




350 




Q 


Single-ended input impedance 


WG = low 




3.5 




kil 


WG = high; or Low-Z 




250 




Q 


Output offset voltage variation 


Gain = 1.9 to 22 






+200 


mV 


Input noise voltage 


Gain = 22, VIA/VIAshorted 




10 


15 


nV/VHz 


Bandwidth 


Gain = 22 


50 






MHz 


CMRR 


Gain = 22, fc = 5MHz 


40 






dB 
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AGC Amplif ier (continued) 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


PSRR 


Gain = 22, fc = 5MHz 


45 






dB 


Single-ended output resistance 




150 




a 




Gain decay time 


VIA-VIA = 240 to 120 mV 
VOA-VOA > 0.9 Final Value 




50 




us 


Gain attack time 


VIA-VlA = 120to240 mV 
VOA-VOA < 1 .1 Final Value 




1 




U.S 


AGC Control 

The input signals are AC coupled into DN/DP, CBYP = 1 000 pF to VPG. CT = 1 0000 pF, RTS = RTD = Open. 


DP-DN input range 


For test only 




1.0 


1.5 


Vpp 


Decay current 


Normal decay (Id) 




4.0 




uA 


Fast decay mode (Idf) 




1 




mA 


Attack current 


Normal attack (Ich) 




0.18 




mA 


Fast attack mode (Ichf) 




8x ICH 




mA 


BYP leakage current 


WG = high 


-10 




10 


nA 


Low-Z duration 






1.0 




|IS 


Fast decay duration 






1.0 




us 


LEVEL output gain 


|DP-DN| = 0.5to 1.5V 


0.65 


0.70 


0.75 


V/Vpp 


LEVEL output bandwidth 


-1dB 


10 






MHz 


LEVEL offset voltage 


Output - Vrts or Vrtd, II = 50 uA 






30 


mV 


Internal LEVEL pull-down current 




40 


50 


60 


HA 



Data Comparator 

The input signals are AC coupled into DP/DN. 



DP-DN input range 




0.5 


1.0 


1.5 


Vpp 


Differential input resistance 


WG = low 


7.0 




13.0 


kQ 


Single ended input resistance 


WG = high 




500 




Q. 


Threshold voltage hysteresis 






.2XT% 




% 


Threshold (T%) accuracy 


30% < T% < 80% 

0.3 < Level - Vrth < 0.75 

T% = Vthdac- 0.93/1 27 


T%-5 


T% 


T%+5 


% 


Minimum threshold voltage 


LEVEL-VRC<0.1V 
Vthmin = Vthdac 97.6%/127 




Vthmin 




V 
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ELECTRICAL SPECIFICATIONS (continued) 



Clock Section 

The input signals are AC coupled into CP/CN. 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


Comparator offset voltage 




-4.0 




4.0 


mV 


Differential input resistance 




7.0 




13.0 




Pulse pairing 


Sine wave into DP/DN 
Phase shift 90° into CP/CN 
Vsine = 1 Vpp, Fsine = 4 MHz 






0.5 


ns 


SERVO CAPTURE CHARACTERISTICS 


MAXREF output voltage 


Isource = mA 


2.85 


3.00 


3.15 


V 


MAXREF load regulation 


Isource = to 4.5 mA 






20 


mV 


A, B, C, D output low voltage 


Isink = 0.2 mA 
RESET = uV (low) 


0.47 


0.50 


0.53 


V 


A, B, C, D output clip level 


Isource = 0.2 mA 


VPG-1.2 






V 


MAXREF-A,B,C,D high voltage 


22 mVpp < VIA-ViA 
< 240 mVpp 
AGC loop closed 









V 


A, B, C, D output impedance 


Isource/sink = 0.2 mA 






50 


Q 


A, B, C, D gain 


From DP/DN pins 


2.20 


2.25 


2.30 


v/v 


Peak detector hold droop 


STROBE = V 


-1 





+1 


mV/|is 


Channel to channel amplitude 
mismatch 


DP-DN = 1.0Vpp 
Sinewave at 4 MHz 


-15 




15 


mV 


Peak detector acquisition to 99% 


DP-DN = 1 .0 Vpp sinewave 
Fs<6.7MHz, DACP = 1000 






800 


ns 


Peak detector reset time to 1% 


RESET = 
DACP= 1000 






300 


ns 


RESET turn-on delay 


From RESET fall @ 1.2V 






50 


ns 


RESET turn-off delay 


From RESET rise @ 1.2V 






50 


ns 


RDIO pulse width 


CL = 15pF 32P4741 


10 




15 


ns 


32P4731 


23 




47 


ns 


RDIO turn-on delay 


From WG or RGl 






150 


ns 


RDIO turn-off delay 


From WG or RGt 






150 


ns 
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PROGRAMMABLE FILTER CHARACTERISTICS 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


Filter cutoff range 

32P4731 
32P4741 


fc @ 3 dB point 
fc = (0.0708 MHz) 

X UAOr, bOOSt = Ob 


3 




9 


MHz 


Xrs. 1 A A A 4 ~7 k A 1 J-,\ 

fC - (0.1417 MHz) 
x DACF, Boost = dB 
32 < DACF < 127 


6 




18 


MHz 


Filter cutoff accuracy 


DACF =127 


-10 




10 


% 


ON differential gain (AN) 


F = 0.67 x fc, boost = dB 


1.6 


2.0 


2.4 


V/V 


OD differential gain (AD) 


r = U.b/ X /C, DOOSI = U ab 


U.yAN 




4 4 AVi 
1 . 1 AN 


V/A/ 

V/V 


Frequency boost @ fc 


DACS = 127 




13 




dB 


Boost accuracy 


@6dB, DACS = 37 


-0.75 




+0.75 


dB 


@ 9 dB, DACS = 67 


-1.0 




+1.0 


dB 


@ 13 db, DACS = 127 


-1.5 




+1 .5 


dB 


Group delay variation 
Boost = 0dB to 13 dB 

32P4731 


fc = 9 MHz 

Fin = 0.2 fc to fc 


-1.25 




1.25 


ns 


3 < Fc < 9 MHz 
Fin = 0.2 fc to fc 


_2 




+2 


% 


3 < i c < 9 MHz 
Fin = fc to 1 .75 fc 


-3 




+3 


% 


Group delay variation 
Boost = 0dB to 13 dB 

32P4741 


fc = 18 MHz 
Fin = 0.2 fc to fc 


-750 




750 


DS 


6<Fc<18MHz 
Fin = 0.2 fc to fc 


-2 




+2 


% 


6</c<18MHz 
Fin = /c to 1.75 fc 


-3 




+3 


% 


Filter differential input dynamic 
range 


THD = 1%, F = 0.67/c 
boost = dB 


0.5 






Vpp 


Filter differential output dynamic 
range 


THD = 1%, F = 0.67/c 
boost = 0dB 


1.0 






Vpp 


Filter differential input resistance 


Normal 


5.0 






kQ 


Low-Z 




300 




Q 


Filter differential input capacitance 








7.0 


PF 


Output noise voltage 


BW = 100MHz, Rs = 50Q 
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ELECTRICAL SPECIFICATIONS (continued) 
PROGRAMMABLE FILTER CHARACTERISTICS (continued) 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


32P4731: 

amereriiiaieu ouipui 


■fn — Q MW-7 hr»nct — fi HR 
JC — 57 MnZ, DOUol = U UD 








mVRms 


Hiff orantiotoH f\t itr\i it 

uiiicrui iiidicU ouipui 


fr — Q MM7 hnnct — 1 *3 HR 
JO = i7 IVinz, UUUol = IO UD 




D.O 




mVRms 


nArmol r\i itru it 

normal ouipui 


■fn — Q KAV-l-7 hr\r»ct — fi HR 
JC = c7 MnZ, OOOSl = U UD 




O fi 
C..KJ 




mVRms 


normal output 


/C = y MnZ, DOOSl = 1 o Qb 




O.D 




mVRms 


OCi H/H 1 . 

differentiated output 


/c =18 MHz, boost = dB 




3.8 




mVRms 


differentiated output 


/c =18 MHz, boost = 13 dB 




6.9 




mVRms 


normal output 


/c =18 MHz, boost = 0dB 




2.1 




mVRms 


normal output 


/c =18 MHz, boost = 13 dB 




4.2 




mVRms 


Filter output sink current 






0.5 




mA 


Filter output source current 




2.0 






mA 


Filter output resistance 


single ended 






200 


a 


Rx pin voltage 


Ta = 27°C 




600 




mV 


Tj = 127°C 




800 




mV 


Rx resistance 


1% fixed value 




12.1 




kQ 


TIME BASE GENERATOR CHARACTERISTICS 


FREF input range 




8 




20 


MHz 


FOUT frequency range 








75 


MHz 


FOUT jitter 


TOUT = 1 /FOUT 


-200 




+200 


psRMS 


FOUT < 75 MHz 










M counter range 




2 




255 




N counter range 




2 




127 




VCO center frequency period 
(TVCO) 


FVCO=[12.5/(RR+0.4)]x 
[(0.622 x IDAC) + 4.27] (MHz) 
-1 .5V < TFLT-TFLT < +1 .5V 


0.90T0 




1.1 0T0 


ns 


VCO dynamic range 


-1.5V< TFLT-TFLT <+1.5V 
FOUT = 54 MHz 


±25 




±45 


% 


VCO control gain KVCO 


coi = 2tc/TVCO 

-1 .5V< TFLT-TFLT < + 1.5V 


0.14 coi 


0.175 coi 


0.26 coi 


rad/ 
(V-S) 


Phase detector gain 
KD 


KD = [12.5/(RR + 0.4)] x (0.6768 x 
IDAC + 3.4789) x10 6 


0.83KD 




1.17KD 


A/rad 
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TIME BASE GENERATOR CHARACTERISTICS (continued) 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


KVCO x KD product accuracy 




-28 




+28 


% 


FREF input low time 




20 






ns 


FREF input high time 




20 






ns 


DATA SEPARATOR CHARACTERISTICS: Unless otherwise noted, RR = 12.1 kQ 
Read Mode 


Read clock rise time 
TRRC 


0.8 to 2.0V 
CL<15pF 






5 


ns 


Read clock fall time 
TFRC 


2.0 to 0.8V 
CL<15pF 






5 


ns 


RRC duty cycle 




40 




60 


% 


NRZ out set-up and hold time 
(TNS, TNH) 




8 






ns 


NRZ out propagation delay 
(TPNRZ) 








±15 


ns 


AMD set-up and hold time 
(TAS.TAH) 




13.0 






ns 


AMD propagation delay 
(TP AMD) 








±15 


ns 


1/3 cell delay 


TVCO = 1/[0.622 x IDAC) + 4.27] 


0.8TD 




1.2TD 


ns 


Write Mode 


Write data pulse width (TWD) 
32P4731 

32P4741 


1.5V, CL<5pF 


2TVCO/3 
-0-5 




2TVCO/3 
+0-5 


ns 




TVCO+ 
0.5 




TVCO+ 
0.5 


ns 


Write data rise time (TRWD) 


0.8 to 2.0 V 
CL<15pF 






5 


ns 


Write data fall time (TFWD) 


2.0 to 0.8 V 
CL<15pF 






5 


ns 


Write data clock rise time 
(TRWC) 


0.8 to 2.0 V 
CL<15pF 






10 


ns 


Write data clock fail time 
(TFWC) 


2.0 to 0.8 V 
CL<15pF 






8 


ns 


NRZ set-up time (TSNRZ) 




5 






ns 


NRZ hold time (THNRZ) 




5 






ns 
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ELECTRICAL SPECIFICATIONS (continued) 



Data Synchronization 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAY 
■VI MA 


UNIT 


Loop filter = TBD 












VCO center frequency period 
(TVCO) 


FVCO=(0.622xlDAC) + 
4.27 (MHz) 

-1.5V< DFLT-DFLT <+l.5V 


0.90T0 




1.1 0T0 


ns 


VCO dynamic range 


-1.5V < DFLT-DFLT 
<+1.5V 


±25 




±45 


% 


VCO control gain 
KVCO 


coi = 27c/TVCO (32P4741) 

coi = tc/TVCO (32P4731 ) -1 .5V 

< DFLT-DFLT < +1 .5V 


0.14 coi 


0.175 coi 


0.26 coi 


rad/(V-S) 


Phase detector gain, KD 


PLL ret = FOUT 


0.83KD 




1.1 7KD 


MA/rad 


Idle mode = 1 x KD 

Read mode = 3 x KD 

Read mode after gain shift = 1 x KD 

KD = [12.5/(RR + 0.4)] 

x (0.6768 x IDAC + 3.4789) x 10" 6 


0.83KD 




1.1 7KD 


A/rad 


KVCO x KD product accuracy 




-do 




+28 


% 


VCO phase restart error 




-2 




+2 


ns 


Decode window center accuracy 


32P4731 


-1.5 




+1.5 


ns 


32P4741 


-0.75 




+0.75 


ns 


Decode window width 


32P4731 


(2TVCO/ 
3)-1.5 






ns 


32P4741 


TVCO- 
0.75 






ns 
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Window Shift Control 

Window shift magnitude is set by the value in the Window Shift (WS) register. The WS register bits are as 
follows: 



BIT 


NAME 


FUNCTION 





wso 




1 


WS1 




2 


WS2 




3 


WS3 




4 


WSD 


Window shift direction. 0=early, 1 =late 


5 


WSE 


Window shift enable 


6 


TDACO 


Used to route signals to DAC test point 


7 


TDAC1 


Used to route signals to DAC test point 


The window shift magnitude is set as a percentage of the decode window, in 2% steps. The tolerance of the 
window shift magnitude is ±15%. Window shift should be set during idle mode or write mode. 


WS3 


WS2 


WST 


WSO 


Shift Magnitude 




1 


1 


1 


No shift 




1 


1 





2% (minimum shift) 




1 





1 


4% 




1 








6% 







1 


1 


8% 







1 





10% 










1 


12% 













14% 





1 


1 


1 


16% 





1 


1 





18% 





1 





1 


20% 





1 








22% 








1 


1 


24% 








1 





26% 











1 


28% 














30% (maximum shift) 
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ELECTRICAL SPECIFICATIONS (continued) 
WRITE PRECOMP CONTROL 

Write precomp magnitude is set by the value in the Write precomp (WP) register. The WP register bits are as 
follows: 



BIT 


NAME 


FUNCTION 





WEO 


Early Precomp Magnitude 


1 


WET 


Early Precomp Magnitude 


2 


WE2 


Early Precomp Magnitude 


3 


WPE 


Write Precomp enable, = Disable 1 = Enable 


4 


WLO 


Late Precomp Magnitude 


5 


WLT 


Late Precomp Magnitude 


6 


WL2 


Late Precomp Magnitude 


7 




Not used 



The write precomp magnitude is calculated as: 

TPC = a x 0.04 x Tvco (32P4731 ) 
TPC = a x 0.02 x Tvco (32P4741) 

where a = precomp magnitude scaling factor as shown below. TREF is the period of the reference frequency 
provided by the internal time base generator. 



Wh2 


Wn1 


WnO 


Precomp Magnitude Scaling Factor 


1 


1 


1 


No precomp 


1 


1 





1X 


1 





1 


2X 


1 








3X 





1 


1 


4X 





1 





5X 








1 


6X 











7X (maximum) 




BIT 
N-2 


BIT 
N-1 


BIT 
N 


BIT 
N+1 


BIT 
N+2 


BIT N 

COMPENSATION 


1 





1 





1 


None 








1 








None 


1 





1 








Early 








1 





1 


Late 


Late = Bit N is time shifted toward the N+1 bit by the programmed magnitude 
Early = Bit N is time shifted toward the N-1 bit by the programmed magnitude 
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TABLE 4: 1 ,7 RLL Encode Table 



NRZ DATA ENCODED WRITE DATA 
Present Next Previous Present 
DD D*D* Y'YY*Y* 








1 
1 




1 1 



1 10 




1 
1 




1 




1 1 
1 




1 
1 
1 






1 




1 

1 10 





1 
1 
1 


1 

1 

1 1 




1 

1 





1 1 
1 1 
1 1 
1 1 




1 

1 

1 1 




10 
10 
10 
10 





TABLE 5: 1,7 RLL Decode Table 



ENCODED READ DATA DECODED DATA 
Previous Present Next 

Y ' Y * YYY Y*Y* DD 
Y 2 Y 3 Y 1 Y 2 Y 3 Y 2 Y 3 U 1 2 




1 
1 




1 

1 




1 




1 1 




1 
10 10 
1 1 




1 1 

1 
1 




1 10 
1 10 10 
1 10 1 




1 






1 

1 1 
1 1 




1 






1 1 




1 
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ELECTRICAL SPECIFICATIONS (continued) 

TABLE 6A: 32P4731 Clock Source and Frequency vs. Mode 



WG 


VCO 
RG 


REF 


DECODE 
RCLK 


ENCODE 
CLOCK 


CLOCK 


MODE 








Fout/2 


Fout/3 


Fout/2 


Fout/2 


IDLE 





1 


DRD 


VCO/3 


VCO/2 


Fout/2 


READ 


1 





Fout/2 


Fout/3 


Fout/2 


Fout/2 


WRITE 


NOTE 1 : Until the VCO locks to the new source, the VCO/2 entries will be Fout/2. 
NOTE 2: Until the VCO locks to the new source, the VCO/3 entries will be Fout/3. 
NOTE 3: WG = RG = 1 is an indeterminate state. 


TABLE 6B: 32P4741 Clock Source and Frequency vs. Mode 


WG 


RG 


VCO 
REF 


RCLK 


DECODE 
CLOCK 


ENCODE 
CLOCK 


MODE 








Fout 


2Fout/3 


Fout 


Fout 


IDLE 





1 


DRD 


2VCO/3 


VCO 


Fout 


READ 


1 





Fout 


2Fout/3 


Fout 


Fout 


WRITE 



NOTE 1 : Until the VCO locks to the new source, the VCO/2 entries will be Fout. 
NOTE 2: Until the VCO locks to the new source, the 2VCO/3 entries will be 2Fout/3. 
NOTE 3: WG = RG = 1 is an indeterminate state. 



TABLE 7: Multiplexed Test Point Signal Selection 



MTPE 


TMS1 


TMSO 


MTP1 


MTP2 


MTP3 





X 


X 


OFF 


OFF 


OFF 


1 








VCOREF 


DS-IN 


DSREF 


1 





1 


RD 


DOUT 


COUT 


1 


1 





VCOREF 


DS-IN 


MCTR 


1 


1 


1 


SET 


RESET 


COUT 



COUT = Output of the pulse qualifier clock circuit 

DOUT = Output of the pulse qualifier data comparators 

DS-IN = Delayed read data output (read mode), Fout/2 (in non-read mode) 

DSREF = Output of the time base generator 

MCTR = M counter output of the time base generator 

RD = Read data output from the pulse qualifier 

RESET = Output of the negative threshold comparator 

SET = Output of the positive threshold comparator 

VCOREF = Data separator VCO reference clock 
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READ 
MODE 



WRITE 
MODE 



TRACK 
FOLLOW 



READ 
MODE 



PWRON 



RG 



WG 



SG 



n 

i i 



n 



DEVICE 
MODE 



|l 'l 

_j L 



n 



n 



r 



IDLE MODE 



SERVO MODE 



n 



n 



READ 



READ 



WRITE 



WRITE 



<5 mW 



<5 mW 



<5mW 



READ 



SERIAL 
PORT" 



■0- 
) 



When SG is HIGH the device will 
switch to the Vs register for the 
threshold DAC and Fc DAC and the 
RTS resistor for the LEVEL pin 
output. 



Prior to entering the Track Follow mode, the 
Power Down Control Register is changed to 
disable the Data Separator and Ti me Base 
Generator blocks. Load data while PWRON is 
HIGH. 



NOTES: 

1) When the PWRON pin is LOW ("0") the Power 
Down Control Register is active. All blocks that have 
thei r control b it set to "1" will be powered down. When 
the PWRON pin is HIGH ("1") the device goes into a sleep 
mode with all blocks powered down except the serial port. 

2) When the threshold DAC reference is switched, there is a maximum settling 
time of 1 .5ysec for the DAC. 



Prior to returning to read mode (or write 
mode) the Power Down Control Register is 
changed to enable the Data Separator and 
Time Base Ge nerator blocks. Load data 
while PWRON is HIGH. 



When both RG and WG are low, the device i 
will enter an idle state where the AGC is / 
active and the data synchronizer is locked 
to the internal FREF. 



FIGURE 14: Power Control Timing 
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PACKAGE PIN DESIGNATIONS 

(Top View) 
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VIA [ 2 
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flOTB [ 4 
VNG [ 5 
PWRON [ 6 
VPC [ 7 
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SCLK [ 9 
SDEN [ 10 
FREF C 11 
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VNB [ 16 
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DESCRIPTION 

The SSI 32H569 Servo Motor Driver is a bipolar device 
intended tor use in Winchester disk drive head posi- 
tioning systems employing linear or rotary voice coil 
motors. When used in conjunction with a position 
controller, such as the SSI 32H6220 Servo Controller, 
and a position reference, such as the SSI 32H6210 
Servo Demodulator, the device allows the construction 
of a high performance, dedicated surface head posi- 
tioning system. 

The SSI 32H569 serves as a transconductance ampli- 
fier by driving 4 MOSFETs in an H-bridge configura- 
tion, performs motor current sensing and limits motor 
current and velocity. In its linear tracking mode, class 
B operation is guaranteed by crossover protection 
circuitry, which ensures that only one MOSFET in each 
leg of the H-bridge is active. The MOSFET drivers are 
disabled when motor velocity or current exceed exter- 
nally programmable limits. In addition, automatic head 
retraction and spindle braking may be initiated by a low 
voltage condition or upon external command. 

(continued) 
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FEATURES 

• Predriver for linear and rotary voice coil 
motors 

• Interfaces directly to MOSFET H-Bridge motor 
driver 

• Class B linear mode and constant velocity 
retract mode 

• Precision differential amplifier for motor 
current sensing 

• Motor current and velocity limiting circuitry 

• Automatic head retract and spindle braking 
signal on power failure 

• External digital enable 

• Servo loop parameters programmed with 
external components 

• Advanced bipolar IC requires under 240 mW 
from 12V supply 

• Available in 20-pin DIP or SO packaging 
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CAUTION: Use handling procedures necessary 
for a static sensitive component. 
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DESCRIPTION (continued) 

The SSI 32H569 is implemented in an advanced bipo- 
lar process and dissipates less than 240 mW from a 
12V supply. The IC is available in 20-pin DIP and 
20-pin SO packaging. 

FUNCTIONAL DESCRIPTION 

(Refer to block diagram and typical application Fig. 2) 

The SSI 32H569 has two modes of operation, linear 
and retract. The retract mode is activated by a power 
supply failure or when the control signal EN is false. 
Otherwise the device operates in linear mode. 

During linear operation, an acceleration signal from the 
servo controller is applied through amplifier A1 , whose 
three connections are all available externally. RC 
components may be used to provide loop compensa- 
tion at this stage. The ERR signal drives two precision 
amplifiers, each with a gain of 8.5. The first of these 
amplifiers is inverting, and is formed from opamp A4, 
an on-chip resistor divider and an off-chip complemen- 
tary MOSFET pair. The second is non-inverting, and is 
formed in a similar manner from opamp A5. Feedback 
from the MOSFET drains, on sense inputs SE1 and 
SE3, allows the amplifiers gains to be established 
precisely. The voice coil motor and a series current 
sense resistor are connected between SE1 and SE3. 

Crossover protection circuitry between the outputs of 
A4 and A5, and the external MOSFETs, ensures class 
B operation by allowing only one MOSFET in each leg 
of the H-bridge to be in conduction. The crossover 
separation threshold, illustrated in Figure 5, is the 
maximum drive on any MOSFET gate when the motor 
voltage changes sign. The crossover circuitry can also 
disable all MOSFETS simultaneously (to limit motor 
current or velocity) or apply a constant voltage across 
the motor (to retract the heads at a constant velocity). 

Motor current is sensed by a small resistor placed in 
series with the motor. The voltage drop across this 
resistor is amplified by a differential amplifier with a 
gain of 4 (A2 and associated resistors), whose inputs 
are SE1 and SE2. The resulting voltage, SOUT, is 
proportional to motor current, and hence acceleration. 
This signal is externally fed back to A1 , so that the 
signal ERR represents the difference between the 
desired acceleration (from the servo controller) and the 



actual motor acceleration. If SOUT is integrated, using 
opamp A3 and an external RC network, the resulting 
signal, VEL, is proportional to the motor velocity. 

Both SOUT and VEL are connected to window com- 
parators, which are used to detect excessive motor 
current or velocity. The comparator outputs disable the 
MOSFET drivers until the motor comes within limits 
again. The VLIM pin may be used to program the 
voltage limits for the window comparators. The maxi- 
mum voltage excursion allowed about VREF is (VREF- 
VLIM). An on-chip resistor divider sets a default value 
for VLIM and if VLIM is connected to ground, the 
windowing is effectively disabled. 

The SSI 32H569 has low voltage monitor circuitry that 
will detect a loss of voltage on the VREF, VCC or 
LOWV pins. The power supply pin, VCC, should be 
connected to the disk drive's spindle motor so that its 
stored rotational energy may be used to hold up. VCC 
briefly during a power failure. LOWV is used to detect 
a system power supply failure. When a low voltage 
condition is detected, the MOSFET drivers switch from 
linear operation to retract mode. In this mode a con- 
stant voltage is applied across the motor which will 
cause the heads to move at a constant speed. A 
mechanical stop must be provided for the heads when 
they reach a safe location. The current limiting circuitry 
will disable the MOSFET drivers when motor current 
increases due to loss of the velocity-induced back 
EMF. An open collector output, BRK, which is active 
while the device is in retract mode, is provided for 
spindle motor braking. An external RC delay may be 
used to defer braking until the heads are retracted. For 
proper operation of the SSI 32H569, a pullup resistor 
on BRK is required even if the BRK output is not used. 

An example of an entire servo path implemented with 
the SSI 32H569 and its companion devices, the 
SSI 32H6210 and 32H6220, is shown in FigurelO. 
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PIN DESCRIPTION 



POWER 



NAME 


PIN 


TYPE 


DESCRIPTION 


vcc 


20 




POSITIVE SUPPLY - 1 2V power supply. Usually taken from spindle motor 
supply. Spindle motor stored energy permits head retraction during power 
failure. If VCC falls below 9V, a forced head retraction occurs. 


LOWV 


19 


I 


LOW VOLTAGE - System 1 2V supply. If this input falls below 9V, a forced 
head retraction occurs. 


VREF 


4 


I 


REFERENCE VOLTAGE - 5.4V input. All analog signals are referenced 
to this voltage. If VREF falls below 4.3V, a forced head retraction occurs. 


GND 


10 




GROUND 



CONTROL 



NAME 


PIN 


TYPE 


DESCRIPTION 


ERR 


1 





POSITION ERROR- Loop compensation amplifier output. This signal is 
amplified by the MOSFET drivers and applied to the motor by an external 
MOSFET H-bridge, as follows: 

SE3-SE1 = 17(ERR-VREF) 


ERR- 


2 


I 


POSITION ERROR INVERTING INPUT - Inverting input to the loop 
compensation amplifier. 


ERR+ 


3 


I 


POSITION ERROR NON-INVERTING INPUT - Non-inverting input to the 
loop compensation amplifier. 


SOUT 


5 





MOTOR CURRENT SENSE OUTPUT - This output provides a voltage 
proportional to the voltage drop across the external current sense resistor, 
as follows: 

SOUT-VREF=4(SE2-SE1 ) 


VEL- 


6 


I 


VELOCITY INVERTING INPUT - Inverting input to the velocity integrating 
amplifier. The non-inverting input is connected internally to VREF. 


VEL 


7 





VELOCITY OUTPUT - Output of the velocity integration amplifier. This 
signal is internally applied to a window comparator whose output limits 
motor drive current when the voltage at VEL exceeds a set limit. 


BRK 


8 





BRAKE OUTPUT - Active high, open collector output which may be used 
to enable an external spindle motor braking transistor upon power failure 
or deassertion of EN. 


VLIM 


11 


I 


LIMITING VOLTAGE - The voltage at this pin sets motor current and 
velocity limits. Limiting occurs when: 

|SOUT-VREF|>VREF-VLIM 
or |VEL-VREF|>VREF-VLIM. 

An internal resistor divider establishes a default value that may be 
externally adjusted. 
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CONTROL (Continued) 



NAME 


PIN 


TYPE 


DESCRIPTION 


SE2 


14 


I 


MOTOR CURRENT SENSE INPUT - Non-Inverting input to the current 
sense differential amplifier. It should be connected to one side of an 
external current sensing resistor in series with the motor. The inverting 
input of the differential amplifier is connected internally to SE1 . 


EN 


18 


I 


ENABLE - Active high TTL compatible input enables lineartracking mode. 
A low level will initiate a forced head retract. 



FET DRIVE 



NAME 


PIN 


TYPE 


DESCRIPTION 


SE3 


9 


I 


MOTOR VOLTAGE SENSE INPUT - This input provides feedback to the 
non-inverting MOSFET driver amplifier. It is connected to one side of the 
motor. The gain to this point is: 

SE3-VREF = 8.5(ERR-VREF) 


OUTC 


12 





P-FET DRIVE (NON-INVERTING) - Drive signal for a P channel MOSFET 
connected between one side of the motor and VCC. This MOSFET drain 
is connected to SE3. 


OUTD 


13 





N-FET DRIVE (NON-INVERTING) - Drive signalfor an N channel MOSFET 
connected between one side of the motor and GND. This MOSFET drain 
is connected to SE3. Crossover protection circuitry ensures that the P and 
N channel devices driven by OUTC and OUTD are never enabled 
simultaneously. 


SE1 


15 


I 


MOTOR VOLTAGE SENSE INPUT - This input provides feedback to the 
inverting MOSFET driver amplifier. It is connected to the current sensing 
resistor which is in series with the motor. The gain to this point is: 

SE1-VREF = -8.5(ERR-VREF) 

This input is internally connected to the current sense differential amplifier 
inverting input. 


OUTB 


16 





N-FET DRIVE (INVERTING) - Drive signal for an N channel MOSFET 
connected between the current sense resistor and GND. This MOSFET 
drain is also connected to SE1 . 


OUTA 


17 





P-FET DRIVE (INVERTING) - Drive signal for a P channel MOSFET 
connected between the current sense resistor and VCC. This MOSFET 
drain is also connected to SE1 . Crossover protection circuitry ensures that 
the P and N channel devices driven by OUTC and OUTD are never 
enabled simultaneously. 
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ELECTRICAL SPECIFICATIONS 
ABSOLUTE MAXIMUM RATINGS 

(Maximum limits indicates where permanent device damage occurs. Continuous operation at these limits 
is not intended and should be limited to those conditions specified in the DC operating characteristics.) 



PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


vcc 









16 


V 


VREF 









10 


V 


SE1 , SE2, SE3 




-1.5 




15 


V 


All other pins 









14 


V 


Storage temperature 




-45 




165 


°c 


Solder temperature 


10 sec duration 






260 


°c 


RECOMMENDED OPERATION CONDITIONS (Unless otherwise noted, the following conditions are valid 
throughout this document.) 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


VCC 


Normal Mode 


9 


12 


13.2 


V 


Retract Mode 


3.5V 




14 


V 


VREF 




5 




7 


V 


Operating temperature 









70 


°c 


DC CHARACTERISTICS 


ICC, VCC current 








20 


mA 


IREF, VREF current 








2 


mA 


A1 , LOOP COMPENSATION AMPLIFIER 


Input bias current 








500 


nA 


Input offset voltage 








3 


mV 


Voltage swing 


About VREF 


2 






V 


Common mode range 


About VREF 


±1 






V 


Load resistance 


To VREF 


4 






KQ 


Load capacitance 








100 


PF 


Gain 




80 






dB 


Unity gain bandwidth 




1 






MHz 


CMRR 


f<20 kHz 


60 






dB 


PSRR 


f<20 kHz 


60 






dB 
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A2, CURRENT SENSE AMPLIFIER 



PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Input impedance 


SE1 to SE2 


3.5 


5 




KQ 


Input offset voltage 








2 


mV 


Output voltage swing 




VREF-4 




VCC-1.2 


V 


Common mode range 









VCC-0.2 


V 


Load Resistance 


To VREF 


4 






KQ 


Load Capacitance 








100 


PF 


Output impedance 


f<40 KHz 






20 


q 


Gain (SOUT-VREF)/(SE1-SE2) 


VSE2 = VREF 


3.9 


4 


4.1 


v/v 


Unity gain bandwidth 




1 






MHz 


CMRR 


f<20 KHz 


52 






dB 


PSRR 


f<20 KHz 


60 






dB 


A3, VELOCITY INTEGRATING AMPLIFIER 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Input bias current 








250 


nA 


Input offset voltage 








2 


mV 


Voltage swing 




VREF-4 




VCC-1.2 


V 


Common mode range 




4.5 




6 


V 


Load resistance 


To VREF 


10 






KQ 


Load capacitance 








100 


PF 


RB, internal feedback resistor 




80 




150 


KQ 


WINDOW COMPARATORS AND LIMITING 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Window comparator threshold 
(SOUT-VREF or VEL-VREF) 




VREF-VLIM 


V 


Threshold hysteresis 




35 


50 


65 


% 


VLIM voltage 


No external parts 


VREF-1.8 




VREF-2.2 


V 


VLIM input resistance 




50 






KQ 
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POWER SUPPLY MONITOR 



DADAIICTCn 

PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


1 Ik II TO 

UNITS 


VCC fail threshold 




8.5 


9 


9.8 


V 


LOWV fail threshold 


|ILowv| < 0.5 mA 


8.5 


9 


9.8 


V 


VREF fail threshold 




3.9 


4.3 


4.8 


V 


Hysteresis (LOWV, VCC) 






250 




mV 


Hysteresis (VREF) 






110 




mV 


EN input low voltage 


|IIL| < 0.5 mA 


0.8 






V 


EN input high voltage 


|IIH|<40 uA 






2 


V 


BRK voltage 


normal mode, |IOL| < 1 mA 






0.4 


V 


BRK leakage current 


retract mode 






TO 


uA 


BRK delay (from power fail or 
EN false to BRK floating) 








1 


ms 



MOSFET DRIVERS 



PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


SE3 Input impedance 


To VREF 


10 


25 




KQ 


OUTA, OUTC 

voltage swing |lo|<1 mA 




0.7 




VCC-1 


V 


OUTB, OUTD 

voltage swing |lo|<1 mA 




1 




VCC-1 


V 


VTH, 

Crossover separation threshold 








2 


V 


Slew rate 

(OUTA, OUTB, OUTC, OUTD) 


■CktOOO pF 


1.4 






V/us 


Crossover time 


300 mV step at ERR 






5 


|IS 


Output impedance (OUTA,B,C,D) 






50 




KQ 


Transconductance 
l(OUTA,B,C,D)/(ERR-VREF) 






8 




mA/V 


Gain (-(SE1 -VREF)/(ERR-VREF) 
or (SE3-VREF)/(ERR-VREF) ) 




8 


8.5 


9 


V/V 


Offset current 


Rs = 0.2Q, Rf = Rin, 
Vin=VREF 






20 


mA 


Retract motor voltage 
(SE1-SE3) 




0.7 


1 


1.3 


V 
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APPLICATIONS INFORMATION 

A typical SSI 32H569 application is shown in Figure 2. 
The selection criteria for the external components 
shown are discussed below. Figure 3 shows the 
equivalent circuit and equations for the DC motor used 
in the following derivations. While the nomenclature 
chosen is for a rotating motor, the results are equally 
applicable to linear motors. 

MOTOR CURRENT SENSE AND LIMITING 

The series resistor which senses motor current, Rs, is 
chosen to be small compared to the resistance of the 
motor, Rm. A value of Rs = 0.2Q. is typical in disk drive 
applications. The window comparator threshold, pro- 
grammed by VLIM, must be chosen to cause limiting 
when the motor current reaches its maximum permis- 
sible value. If iMAX is the maximum motor current in 
Amps, then this value may be chosen as follows: 

VLIM = VREF - 4 • R s - iMAX ( V ) 

VLIM may be set with a resistor divider whose thevenin 
resistance is substantially less than the output resis- 
tance of the VLIM pin (50 KQ). The window compara- 
tors have hysteresis (typically 50% of their threshold, 
VREF-VLIM) to prevent multiple triggerings of the 
driver disable signal. 

VELOCITY LIMITING 

The values of Rv and Cv in the velocity integrator are 
chosen to produce a voltage excursion of VREF-VLIM, 
when the motor speed is at its maximum permissible 
value. Rv must be large enough to prevent overloading 
of opamp A2. The following equation ignores the effect 
of Rb, the internal resistor between VEL and VEL- 
which prevents saturation of A3 due to offsets. For the 
motor in Figure 3, with maximum velocity coMAX 
(rad/s) these components may be chosen as follows: 

R v // Rf > 4 KQ(A2 output loading restriction) 

4R s -J6*coMAX 



(VREF-VLIM) • R v - K, 



•(F) 



LOOP COMPENSATION 

The transfer function of the SSI 32H569 in the applica- 
tion of Figure 2 is shown in figure 4(a). If the zero due 
to Rl and Cl in the loop compensation circuit is chosen 
to cancel the pole due to the motor inductance, Lm, then 
the transfer function can be simplified as shown in 
figure 4(b), under the assumption that this pole and the 
pole due to the motor mechanical response are widely 
separated. Cl may then be chosen to set the desired 
open loop unity gain bandwidth. 



C, = . 



68 • R s 



2.7i-R F -(Rm+R s )"BW 



where BW is the 
unity gain open 
loop bandwidth 



C L -(Rm+R s ) 



The closed loop response of the servo driver and motor 
combination, using the component values and simpli- 
fying assumptions given above, is given by: 




v m 



1 



Rf 



1 



4- R s 



(1 +. 



-) 



2 • k • BW 

(This analysis neglects the pole due to the output 
impedance of the MOSFET drivers and the MOSFET 
gate capacitance, an effect that may be significant in 
some systems). 

Rf is chosen to be sufficiently large to avoid overload- 
ing A2 (Rf // Rv > 4KQ). The input resistor, Rin, sets the 
conversion factor from servo controller output voltage 
to servo motor current. Rin is chosen such that the 
servo controller internal voltages are scaled conven- 
iently. The resistor Ros is optional and cancels out the 
effect of the input bias current of A1 . 

Ros= R in/ / RF 

The external components Rd and Cd have no effect on 
the motor dynamics, but may be used to improve the 
stability of the MOSFET drivers. The load represented 
by the motor, ZM, is given by: 

At frequencies above (Rs+Rm)/(2 • % • Lm) Hz, this load 



ZM = (R s+ R m )(1+s--^--)(1 + 



Rs+Rm s • J9 • ( R s +R m ) 



)(Q) 
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becomes entirely inductive, which is undesireable. Rd 
and Cd may be used to add some parallel resistive 
loading at these frequencies. 

H-BRIDGE MOSFETS 

The MOSFETs chosen for the H-bridge should have 
gate capacitances in the range of 500-1000 pF. The 
MOSFET input capacitance forms part of the compen- 
sation forthe MOSFETdrivers, so values below 500 pF 
may cause some driver instability. Excessive input 
capacitance will degrade the slew mode performance 
of the drivers. 

When the motor voltage is changing polarity, the cross- 
over protection circuits at outputs OUTA-OUTD ensure 
that the maximum MOSFET gate drive is less than 2V 
(the crossover separation threshold), as illustrated in 
Figure 5. The thresholds of the MOSFET devices 
chosen should be as large as possible to minimize 
conduction in this region. If the device thresholds are 
significantly less than the crossover separation 
threshold, the N and P channel devices in each leg of 
the H-bridge will conduct simultaneously, causing un- 
necessary power dissipation. 



POWER FAILURE OPERATION 

The power supply forthe SSI 32H569, VCC, should be 
taken from the system 12V supply through a schottky 
diode (maximum 0.5V drop at If = 3A) and connected 
to the disk drive spindle motor. If the system power 
fails, the IC will continue to operate as the spindle motor 
becomes a generator. The SSI 32H569 will detect the 
power failure and cause a forced head retract, continu- 
ing to operate with VCC as low as 3.5V. The power fail 
mode will commence if either VCC or LOWVf alls below 
9 V, or VR EF falls below 4.3V, or EN is false. Hysteresis 
on the low voltage thresholds prevents the device from 
oscillating between operating modes when the power 
supply is marginal. 

The BRK output, which is pulled low during normal 
operation, floats during a power failure. This allows an 
external transistor to be enabled for spindle motor 
braking. An external RC delay may be added to defer 
braking until head retraction is complete, since the 
spindle motor is required to generate the supply volt- 
age during retraction. 
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Nomenclature used is for rotary motor 



FIGURE 3: Equivelant Circuit For Fixed Field DC Motor 
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FIGURE 4(A): Transfer Function Of SSI 32H569 
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FIGURE 4(B): Simplified Transfer Function Of 
SSI 32H569 In DC Motor Application 
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FIGURE 8: Typical Motor Driver Compensation 




FIGURE 9: Typical Motor Velocity Limit 
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DESCRIPTION 

The SSI 32H4633 is a CMOS monolithic integrated 
circuit housed in a 100-pin QFP and operates on a 
single +5V supply. In addition to supporting Winchester 
disk drives with embedded servo sectors and dedi- 
cated servo surface, it contains all timing and control 
functions necessary to start, drive, and brake a 3- 
phase, 4/8/1 2 pole brushless DC spindle motorwithout 
sensors. It also provides an 8-bit A/D converter at a 
conversion rate up to 250 kHz and a Motorola/Intel 
compatible bus interface (Motel) to popular 
microcontrollers such as the 8051 and 68HC11. The 
features for each functionally different section are 
summarized in the following: 

FEATURES 

Servo Head Positioning Control 

• Servo control for Winchester disk drives with hy- 
brid servo head positioning systems 

• For use in microprocessor-based digital servo 
applications 

• Accepts quadrature position signals N, Q from a 
dedicated servo demodulator 

• 12-bit double-buffered cylinder crossing counter 
for dedicated seek algorithms 

• Timing controller for embedded servo position 
burst sampling 

• Peak detect and sample/hold circuits for up to four 
embedded servo bursts 

• H-bridge MOSFET predriver for linear and rotary 
voice coil motor 

• Class B linear mode and constant voltage retract 
mode 

• Active head retract on power failure 
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December 1992 

Spindle Motor Speed Control 

• 3-phase 4/8/12 pole bipolar/unipolar operation 
without need for sensors 

• Precisionspeedregulationat5400 RPM,with±0.018% 
speed resolution 

• "At speed" indication 

• Motor peak current limiting function 

• Pulse amplitude modulation (PAM) for bridge 
MOSFET drivers 

• Dynamic braking function on power failure 
Data Acquisition and Microprocessor Bus Interface 

• Motel bus interface compatible with 8051 and 
68HC1 1 

• Ten internal registers and address decoding 

• Internal 250 kHz 8-bit A/D and D/A converters 

General Functions 

• Voltage fault detection for up to two supply volt- 
ages 

• Write gate guarding 

• Low power CMOS design 

• 1 00 pin QFP package 
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FIGURE 1: SSI 32H4633 Block Diagram 
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FUNCTIONAL DESCRIPTION 

As shown in Figure 1 , the SSI 32H4633 can be divided 
into three major sections: servo head positioning 
control, spindle motor speed control, data acquisition 
and microprocessor bus interface. 

SERVO HEAD POSITIONING CONTROL 

The SSI 32H4633 is intended for a servo head positioner 
for Winchester disk drives with both embedded servo 
sectors and a dedicated servo surface. The servo 
head positioning control section contains the following 
functions: 

1 . Dedicated servo position processor 

2. Embedded servo burst amplitude processor 

3. Embedded servo burst timing controller 

4. Servo position error amplifier 

5. H-bridge MOSFET predriver 

6. Actuator current sense 

7. Voltage fault detection and servo head retract 

Figure 2 shows dedicated servo position processor. 
Figure 3 shows embedded servo burst amplitude pro- 
cessor with embedded servo burst timing controller. 
Figure 4 shows servo position error amplifier, H-bridge 
MOSFET predriver, actuator current sense. Figure 5 
shows voltage fault and servo head retract logic. 

DEDICATED SERVO POSITION PROCESSOR 

The dedicated servo position processor receives 
quadrature position information from a servo demodu- 
lator, such as SSI 32H6210, through analog inputs N, 
Q and NQREF. The NQREF is applied to establish a 
DC reference level for N and Q samples. N and Q are 
sampled at the falling edge of SYNC. The SYNC 
frequency, which is the servo frame rate on the dedi- 
cated servo surface, is generated from the servo de- 
modulator and is no more than 500 kHz. The VCO 
provides the necessary clock signal to sample N and Q 
signals. The timing relationship among VCO, SYNC 
and N, Q is indicated in Figure 2. If it is not necessary 
to synchronize to N, Q samples, the SYNC input must 
be grounded and the SYNC SEL bit in the SERVO 
CONTROL register set HIGH. In this case, the SYSCLK 
input will be divided down internally to generate the 
frame rate to sample N and Q signals. The position 



processor compares N with both_Q and -Q to generate 
digital signals NQ (N>Q) and NQ (N>-Q). Since N and 
Q signals span four tracks per period, NQ and NQ 
provide additional information on which track the head 
is positioned. In order to produce the position error 
signal PESO, the position processor selects N, Q, -N or 
-Q, based upon either the values of bits QUADO and 
QUAD1 when SELECT Q is enable; or the values of the 
digital signals NQ and NQ when SELECT Q is dis- 
abled. Note that the analog inputs N and Q to the 
position processor will switch to the DC reference level, 
NQREF, when the CALIB bit in the HYBRID SERVO 
CONTROL register is enabled. This allows calibrating 
the internal offset of the position error signal, PESO. For 
digital servo applications, N, Q and PESO are provided 
to the internal multiplexed 8-bit A/D converter under uP 
control. 

The SSI 32H4633 supports both hardware and soft- 
ware track counting techniques. The softwarejrack 
counting technique interfaces with bits NQ, NQ and 
TRKCS in the SERVO STATUS register. On each track 
crossing, either NQ or NQ changes state. 

An internal timing hysteresis can be jprovided to pre- 
vent multiple state changes on NQ, NQ and TRKCS at 
low head velocities by setting the bit TCHE in the 
EMBEDDED SERVO GAIN CONTROL register. The 
TRKCS bit will be reset LOW when the SERVO STA- 
TUS REGISTER is read by the uP. The hardware track 
technique interfaces with TRKCK, an output clock 
intended to drive a hardware counter such as is avail- 
able in the Intel 8051 family. TRKCK is normally LOW 
and pulses HIGH once whenever a track boundary is 
crossed. A 1 2-bit double-buffered down counter with 
programmable loading capability is implemented to aid 
seek algorithms. The counter is decremented at the 
LOW-TO-HIGH transition of TRKCK and the register is 
updated at the HIGH-TO-LOW transition of TRKCK. 
The 12-bit counter register stops updating after the 
LSB is read. This ensures consecutive reads provide 
information that corresponds to a single track. There- 
fore, one should read the LSB and then the MSB 
without excepti on. The counter will produce a LOW 
level on TCNT when the terminaLcount is reached. 
TCNT remains LOW until the counter is loaded with a 
new initial value. 
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EMBEDDED SERVO BURST AMPLITUDE 
PROCESSOR 

The embedded servo burst amplitude processor ex- 
tracts the fine head position error information from the 
embedded servo bursts. The circuit acquires up to 4 
burst amplitudes BURST1, BURST2, BURST3, and 
BURST4 from a read data channel, such as the SSI 
32P4620, through analog inputs SERIN and SEREF. 
The SEREF is applied to establish a DC reference level 
for the full wave-rectified analog signal SERIN. 
To accommodate a wide range of servo burst ampli- 
tudes, the differential signal between SERIN and SEREF 
is scaled by a 2-bit programmable gain amplifier under 
uP control. The gain of the differential amplifier ranges 
from -6 dB to 3 dB as defined in the EMBEDDED 
SERVO GAIN CONTROL register. The output of the 
differential amplifier is then provided to a peak detector 
which captures the peak voltage within a time interval 
derived from the internal timing controlleror an external 
timing source through SAMPLEX. The peak voltage is 
further scaled by a 4-bit programmable gain amplifier 
under uP control. Thus the gain error introduced by the 
peak detector can be accurately corrected with this 
programmable gain amplifier. The gain adjustment 
ranges from dB to 3 dB in 0.2 dB steps, as defined in 
the EMBEDDED SERVO GAIN CONTROL register. 
Each of the following four S/H circuits transfers and 
holds the scaled peak voltages onto their respective 
holding capacitors during a time interval defined by the 
internal timing controller or an external timing source 
through ACQX. The outputs of S/H circuits, BURST1 , 
BURST2, BURST3, and BURST4, are provided to the 
8-bit A/D converter under uP control. Note that the 
timing windows to acquire the scaled peak voltages 
can be configurated in any order, as defined in the 
EMBEDDED SERVO TIMING WINDOW CONTROL 
register. Therefore, the uP can mix and commutate 
servo bursts to accommodate for a variety of servo 
burst formats and maintain the position error signal in 
a proper polarity. The timing controller also issues a 
timing signal to discharge the captive voltage for each 
servo burst. 

The captive signals are provided to two difference 
circuits to extract the differential signals between 
BURST1, BURST2 and BURST 3, BURST4, respec- 
tively. Typically, these differential signals define the 
distance between the read head and the center of a 
data track and one of them should be zero while the 
read head is at the center of a data track. These 



outputs, available externally on PES1 and PES2, are 
provided to the 8-bit A/D converter under uP control. 
Also, two summers add BURST1, BURST2 and 
BURST3, BURST4, respectively, and their outputs at 
SUM1 and SUM2 are provided to the 8-bit A/D con- 
verter as well. 

EMBEDDED SERVO BURSTTIMING CONTROLLER 

The embedded servo burst timing controller generates 
all the timing signals to sample the position bursts, as 
shown in Figures 3 and 4. These timing signals control 
the discharge, sample, and hold of the peak detector 
and the four S/H circuits. The EMBEDDED SERVO 
TIMING WINDOW CONTROL register can be pro- 
grammed by the uP to select and sample the servo 
burst pairs in any order. The number of servo position 
bursts supported are either two or four. The DIBURST 
bit in the SERVO CONTROL register, when set HIGH, 
configures the internal timing controller to sample only 
two servo position bursts. When reset, four servo 
position bursts are sampled. During position burst 
sampling, HOLD and RW will be asserted and WGOUT 
held LOW. 

An external timing controller may be used to provide all 
the timing signals for the discharge, sample, and hold 
of the peak detector and the four S/H circuits by setting 
the TIMING bit HIGH in the SERVO CONTROL regis- 
ter. Usually, in this mode, an external timing controller 
ASIC will be required to provide the timing signals at 
SAMPLEX and ACQX for servo position burst sam- 
pling while the internal servo timing controller is disabled. 

SERVO POSITION ERROR AMPLIFIER 

The servo driver has two modes of operation, linear 
and retract. The retract mode is activated by a pow er 
supply failure or when the control signal RESET is 
LOW. Otherwise the driver operates in linear mode. 
During linear operation, the microcontroller acquires 
servo burst amplitudes and analyzes them to establish 
a position error signal. This signal travels through an 8- 
bit D/A converter and is applied to an amplifier whose 
three connections, ERRM, ERREFandERR,are avail- 
able externally. External RC components may be used 
to establish the gain and bandwidth of this amplifier. 
Additional analog input via SWIN may be provided to 
this amplifier by setting the SW ON bit in the SERVO 
CONTROL register. 
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FUNCTIONAL DESCRIPTION (continued) 

H-BRIDGE MOSFET PREDRIVER 

The error signal ERR generated from the position error 
amplifier drives two precision differential amplifiers, 
each with a gain of 15. The differential amplifier out- 
puts, AOUTA, AOUTB, AOUTC and AOUTD drive an 
external MOSFET bridge powered by VBRIDGE. Feed- 
back from the MOSFET drain terminals via sense 
inputs SE1 and SE3 allow the differential amplifier 
gains to be established precisely. The voice coil actua- 
tor and a current sense resistor are connected in series 
between SE1 and SE3. Included in the output control 
circuitry is a crossover protection function which en- 
sures class B operation by permitting only one M OSFET 
in each leg of the bridge to be in conduction. The 
crossover circuit can be adjusted for different MOSFET 
threshold voltages with a resistor connected to VX. The 
crossover circuitry can be commanded by the uP to 
shut down the MOSFET drivers and thus remove 
current to the external bridge. 

MOTOR CURRENT SENSE 

Motor current is sensed by a small resistor placed in 
series with the actuator. The voltage drop across the 
resistor is level-shifted and amplified by a differential 
amplifier with a gain of 4. The resulting signal, SOUT, 
is proportional to actuator current. This signal is exter- 
nally fed back to the position error amplifier so that the 
error signal ERR represents the difference between 
the desired and actual actuator currents. 

VOLTAGE FAULT DETECTION AND SERVO HEAD 
RETRACT 

A voltage fault detector which can monitor up to two 
voltage supplies is included to prevent the actuator 
from responding to a false error signal during a power 
failure. Retract mode is started when a power supply 
failur e is sens ed by the PSB or PSV comparators or 
when RESET is pulled LOW externally. During retract, 
a constant voltage is applied across the actuator in 
order to cause a constant velocity head retraction. This 
is accomplished by applying the voltage stored on 
VBYP to AOUTD and by driving AOUTR with an 
amplifier that monitors SE1. The amplifier is powered 
by VBEMF. During retract, VRETRACT is biased by an 
internal voltage reference and determines the retract 
voltage. At other times, power is saved by disconnect- 
ing VRETRACT from the voltage reference and letting 



it be pulled to VBEM F by a high value resistor. External 
components (a diode, for instance) can be connected 
between VRETRACT and ground to modify the retract 
voltage. 

An open-drain output, SYSRST, which is active LOW 
while the servo driver is in retract mode, is provided for 
spindle motor braking. An external RC delay may be 
used to d efer brakin g until the head is retracted. The 
amount of SYSRST delay is determined by the external 
capacitor which is connected to the pin, RCRST. 

SPINDLE MOTOR SPEED CONTROL 

A f u nctional block diagram for the spindle motor control 
is shown in Figure 1 . In conjunction with several exter- 
nal components, the spindle motor speed control 
provides the starting, accelerating, and precise rota- 
tional speed regulation functions. The circuit will con- 
trol 4, 8, or 12 pole brushless DC motors without the 
need for Hall sensors. It will operate in either bipolar or 
unipolar drive mode. Control, configuration, and status 
monitoring are handled by the uP. The complete speed 
control loop is contained in the circuit and the uP is only 
required during start and to monitor status. 

SPINDLE MOTOR START-UP 

Motor starting is accomplished with the uP utilizing 
various features contained in the motor speed control 
circuitry. The uP can write to the commutation counter 
and set it to a predetermined value with STATEO, 
ST ATE 1, STATE2 bits. The counter can then be 
incremented with the ADVANCE bit which also excludes 
internal commutations when set HIGH. Bits COMMU, 
PERCHK 2,3,4,5 provide feedback to the uP on motor 
activity. The uP can enable the drivers with MENABLE 
and UNIPOLAR bits as r equired, as well as cause a 
"soft" brake with UPBRK. 

Under uP control, initial open-loop commutation se- 
quence is provided to the commutation logic which 
thereby advances and accelerates the spindle motor. 
The start-up process settles the motor initially by se- 
lecting the bits STATEO, STATE 1 , STATE2 in the 
SPINDLE CONTROL register to energize a proper 
motor winding. Motor current is enabled by setting the 
MEANABLE bit in the SPINDLE CONTROL register. 
The commutation state is advanced by providing AD- 
VANCE pulses in the SPINDLE CONTROL register. 
The period of the ADVANCE pulses will be based upon 
the motor and load characteristics and decreased 
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gradually during the acceleration of the motor. The u.P 
may look at the COMMU bit in the SPINDLE STATUS 
register for feedback indicating whether the motor has 
achieved a sufficient speed. Once the motor has achieved 
a sufficient speed, the uP will cease generating 
ADVANCE pulses and motor starting is thus completed. 

SPINDLE MOTOR SPEED REGULATION 

Motor speed regulation is accomplished with mixed 
analog and digital techniques, converting a motor 
speed error derived from a reference clock and a 
period counter into a voltage. The voltage translates 
into a motor current across the current sense resistor 
regulating the motor speed. The speed regulation loop 
consists of a period counter, proportional and integral 
channels, two 6-bit D/A converters and a linear 
transconductance amplifier. 

In operation, the motor speed error is determined by 
measuring the period of each revolution with a 500 kHz 
clock signal. Period resolution is therefore 2 microsec- 
onds with the desired period being 5555 counts (11.11 
milliseconds or 5400.54 RPM). Motor rotor position is 
determined by monitoring the coil voltage of the wind- 
ing that is not presently being driven by the drivers. The 
back-emf at the coil in conjunction with the state of the 
output drivers indicates rotor position. The back-emf is 
compared to a reference at CTSENSE and initiates 
"commutation events" when the appropriate compari- 
son is made. The commutation is the sequential switch- 
ing of the drive current to the motor windings. Since the 
back-emf comparison event occurs prior to the time 
when optimum commutation should occur, it is thus 
required to delay actual commutation by a predeter- 
mined time after the comparison. The commutation 
delay is provided by a non-retriggerable one-shot cir- 
cuit wherein the time delay is a function of external RC 
timing components connected at EXTRC. Because 
commutation of the motor windings typically results in 
large transient voltages which could falsely indicate 
"commutation events," the one-shot circuit also pro- 
vides a "noise filter"f unction which holds off retriggering 
further and blanks the back-emf comparison events for 
a period of time (approximately one half the commuta- 
tion delay) after commutation. The commutation states 
are defined in the SPINDLE CONTROL register. 

The period counter is loaded with a count of 5555 
initially, and period measurement results in residual 



counts (ideally zero) in the period counter as it counts 
down during the index-to-index time interval. The re- 
sidual count is fed to the proportional D/A converter (5 
bit plus sign) whose output is provided at PROP. No 
period errorwill output half of VBIAS at PROP, too short 
a period will output a value less than half of VBIAS, and 
too long a period will output a value greater than half of 
VBIAS depending on the amount of error. 

When the residual count is within ± 15 counts of zero, 
the motor is indicated as "in lock." The lower eight bits 
of the period counter are fed to an accumulator which 
adds the present period residue to the previous accu- 
mulation thus accomplishing an integrating effect to 
force the speed error to zero over time. The upper six 
bits of the accumulator are fed to the integral DAC 
whose output is INTEGRAL. Gross period errors will 
cause PROP and INTEGRAL to saturate at the appro- 
priate extreme to achieve the maximum corrective 
control voltage. 

The outputs at PROP and INTERGRAL are connected 
to VIN with an external resistor network. The resistor 
values should be selected to set the required loop 
response based upon motor requirements. The input 
VIN is the non-inverting input of the linear 
transconductance amplifier which uses the lowerdriver 
transistor that is presently active per the commutation 
state. An external resistor is used to sense the current 
flowing through the drive transistor drain (and hence 
the motor coil current). The voltage across the sense 
resistor, the difference between SENSE and 
SENSEREF, is amplified by a programmable gain 
stage and fed to the inverting input of the 
transconductance amplifier. The gain of the program- 
mable amplifier is determined by TGAINO and TGAIN1 
bits. 

Motor speed control includes a speed range check 
circuit, which provides in the SPINDLE STATUS regis- 
ter a LOCK status bit, when the motor is at the target 
speed within ±0.27%, along with OVER status bit, 
when the motor is over or under the target speed. The 
LOCK and OVER status bits are available to the uP for 
diagnostics and spindle fault conditions. 

Additional low-speed period measurement data is avail- 
able to the u.P as the PERCHK2,3,4,5 bits in the 
SPINDLE STATUS register. 
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FUNCTIONAL DESCRIPTION (continued) 

MOTOR PEAK CURRENT LIMITING 

When the period error exceeds 256 counts too slow, 
the voltage at VLIM is selected as the control voltage 
in lieu of VIN. VLIM is to be used to set the motor peak 
current during start-up and acceleration. 

MOTOR BRAKING 

Fault conditions on power supplies and internal voltage 
reference generator will trigger an internal retract con- 
dition. The internal retract condition will cause all 
predriver outputs to the states which will turn t he driver 
transistors off, allowing the motor to coast. BRAKE 
typically has a ca pacitor to ground attach ed and is 
connected to pin SYSRST via a resisto r. SYSR ST 
goes LOW in the retract condition, and thus BRAKE will 
go LOW after the RC delay. When BRAKE goes LOW, 
all lower drivers are activated to achieve dynamic 
braking of the motor. The circuitry for these operations 
is powered by the back-emf of the spindle motor and 
will operate without either 5 or 12 volt supply. 

Dynamic brak ing can a lso be activated under uP con- 
trol by setting UPBRK to LOW in the SPINDLE CON- 
TROL register. During dynamic braking, the control 
loop is opened. 

Two other motor speed control functions related to 
other circuit functions in the SSI 32H4633 are SLEEP 
mode and internal bias current. Two modes of SLEEP 
are provided forthe SSI 32H4633, but the effect on the 
motor speed control is the same for both modes, i.e., all 
analog circuitry is de-biased, the clock is disabled, the 
upper driver outputs become logic HIGH (to turn off all 
upper drivers including the center tap if used), and the 
lower driver outputs become logic HIGH. The internal 
bias currents for analog functions are set by an external 
resistor connected between IBR and ground. A 22.6 
KQ,±1% resistor should be used for proper operations. 

EXTERNAL INDEX APPLICATION 

Normal operation is performed with an internal index 
signal derived from the commutation counter (scaled 
via the MODEO and MODE1 bits based upon the 
number of motor poles). The period of the index signals 
is measured and controlled by the circuit to result in a 
rotational rate of 5400 RPM. Within the range from 
5384.9 to 5415.1 RPM, the spindle will be "in lock." 



After the motor is started and accelerated to speed 
(LOCK bit HIGH), an external index signal may be 
selected. Applying external index pulses at a rate 
within the lock range and setting INDEX SEL bit to 
HIGH will start the following sequence: 

The circuit will complete the period measurement of the 
latest internal index period and then begin to measure 
the time between the last internal index and the next 
external index pulse. This will most likely be shorter 
than the nominal assuming the two events are asyn- 
chronous. If the period measured is not within 4.6% of 
the expected value, 11.11 milliseconds, the propor- 
tional and integral D/A converters will not be updated 
with a new correction value but will continue to output 
the previous value. The LOCK bit will be set to LOW 
indicating "out of lock." The next period measured will 
be between the first and second external index pulses 
and will presumably be within the lock range so that 
LOCK will be set to HIGH. If the period is within 4.5% 
of the desired value, the proportional and integral D/A 
converters will be updated. Similarly, during operation 
with external index, a missing index pulse would look 
like a gross speed error and no update on proportional 
and integral D/A converters will take place. The uP 
must perform the corrective actions in such cases, by 
examining LOCK bit, the PERCHK2,3,4,5 bits, and the 
source of the (missing) index pulses. A single missing 
index should require no action other than checking that 
LOCK returns to HIGH (in lock) in the next interval. 

DATA ACQUISITION AND MICROPROCESSOR BUS 
INTERFACE 

Figure 1 shows data acquisition circuits along with the 
microprocessor bus interface. To facilitate micropro- 
cessor-based servo applications, the SSI 32H4633 
contains a high-speed 8-bit A/D converter at a conver- 
sion rate up to 250 kHz, an 8-bit D/A converter, and 
Motel bus interface compatible with commonly used 1 2 
MHz 8051 and 8 MHz 68HC1 1 . The A/D converter can 
be multiplexed to sixteen different analog inputs by 
programming the ADC_SEL0, ADC_SEL1 , ADC_SEL2 
and ADC_SEL3 bits in the ADC ADDRESS register by 
the u.P. The analog inputs can be scaled by a gain of 4 
by setting the X4 bit HIGH. The output of the gain stage 
is available externally at MUXOUT for diagnostics. The 
A/D converter runs synchronously with the internal 500 
kHz clock which is used for various circuits on the SSI 
32H4633. Therefore, there would be a maximum of 2 
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microseconds of latency between a conversion re- 
quest and the actual start of the conversion. Conver- 
sion is started by reading the A/D output register. The 
output is coded in 2's complement. Note that different 
voltage references corresponding to one half of the A/ 
D full scale are used for different analog inputs as 
defined in the ADC ADDRESS register. 

Similarly, the D/A converter runs synchronously with 
the internal 500 kHz clock and conversion is started by 
writing to the D/A input register. The output at ERRDAC 
is referenced to ERREF and is held constant between 
conversions. 

The "Motel" interface to both Motorola and Intel uP's is 
provided for a direct connection to the SSI 32H4633. 
Three bus control signals are interpreted differently 



based upon the type of uP being used. The pin 
BUSMODE should be tied to HIGH for an Intel bus 
interface. The table below illustra tes h ow both uPs 
connect to the SSI 32H4633. The ASE pin gates the 
AL/ASE input and can be used to shut off the ALE/AS 
to minimize noise on chip when the uP interface is not 
active. The CS pin performs a similar function on the 
rest of the uP bus inputs. The timing diagrams for Intel 
and Motorola uP interface are shown in Figures 5 and 
6, respectively. 



Intel 


Motorola 


32H4633 


ALE 


AS 


ALE 


RD 


DS;E; or Clock Phase 2 


RD 


WR 


R/W 


Wr 



REGISTER DESCRIPTIONS 

The SSI 32H4633 contains ten 8-bit internal registers which provide control, option select and status monitoring. 
The registers are addressed with a 4-bit register address which is latched from inputs at ADO, AD1 , AD2, and 
AD3 on the falling edge of ALE. The registers from to 5 are read/write memory, the registers from 6 to 9 are 
write only. The registers are summarized in Table 1 . 



TABLE 1 : SSI 32H4633 Internal Registers 



ADDRESS 


TYPE 


REGISTER NAME 





R/W 


Interrupt Control/Status 


1 


R/W 


Spindle Control/Status 


2 


R/W 


Servo Control/Status 


3 


R/W 


ADC Address/Data 


4 


R/W 


Track Count LSB 


5 


R/W 


Track Count MSB & Hybrid Servo Control 


6 


W 


Error DAC Data 


7 


W 


Embedded Servo Gain Control 


8 


W 


Transconductance, Prescaler and Mode Control 


9 


W 


Embedded Servo Timing Window Control 
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INTERRUPT CONTROL/STATUS REGISTER 



Address: Access: Read/Write Reset: 00 

Register contents when Written to enable or disable interrupt events: 



BIT 


NAME 


DESCRIPTION 





COMMU INT 


When set HIGH, interrupt is enabled on a state change of the 
back-emf commutation clock COMMU. 


1 


LOCK INT 


When set HIGH, interrupt is enabled on a state change of the 
spindle speed lock. 


2 


BURST INT 


When set HIGH, interrupt is enabled on the embedded servo 
position bursts ready. 


3 


TRKCS INT 


When set HIGH, interrupt is enabled on each track crossing. 


4 


COUNT INT 


When set HIGH, interrupt is enabled on the terminal count (000|_|) of 
the track crossing counter. 


5,6 




Undefined. 


7 


MST INT 


When set HIGH, the microprocessor signal INT is enabled. 


Register contents when Read 


BIT 


NAME 


DESCRIPTION 





COMMU INT 


Active high indicates a state change of the back-emf commutation 
clock COMMU. 


1 


LOCK INT 


Active high indicates a state change of the spindle speed lock. 


2 


BURST INT 


Active high indicates that the embedded servo position bursts are 
ready. 


3 


TRKCS INT 


TRKCS INT is asserted when NQ or NQ changes state, i.e., on each 
track crossing. 


4 


COUNT INT 


COUNT INT is asserted when the terminal count (000|_j) of the track 
crossing counter is reached. 


5,6 




Undefined. 


7 


MST INT 


Active high indicates that one or more interrupts are pending. 



Each interrupt event status is reset when the uP reads the corresponding status register. Specifically, interrupt 
events COMMU INT and LOCK INT are reset whenever the SPINDLE STATUS register (ADDRESS=1 ) is read. 
Interrupt events TRKCS INT, COUNT INT and BURST INT are reset whenever the SERVO STATUS register 
(ADDRESS=2) is read. All interrupt events may be read as interrupt status regardless of their corresponding 
interrupt mask settings. The interrupt control register determines which event will actually cause a latched 
assertion ofthe uP signal INT. Note that the MST INT is a master enable which disables all interrupt events from 
asserting INT when active low. Also, when read, MST INT indicates if any mask enabled interrupt events are 
still pending for service and reflects the internal state of the uP signal INT. 
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SPINDLE CONTROL/STATUS REGISTER 



Address: 1 Access: Read/Write Reset: 00 
Register contents when Written: 



BIT 


NAME 


DESCRIPTION 





UPBRK 


When set LOW, dynamic braking will be initiated where upper drivers 
are disabled and lower drivers are activated. 


1 


UNIPOLAR 


This bit is set HIGH when unipolar motor is used. For unipolar motors, 
all upper drivers are disabled and OUTCT is activated. 


2 


INDEX SEL 


When set HIGH, the input signal at EXTINDX, one pulse per revolution, 
is selected as the spindle speed indicator. Otherwise, the internal 
revolution clock developed from the back-emf sensing circuit is selected. 


3 


M ENABLE 


Driver Enable Control. When set LOW, both upper and lower drivers 
are turned off to deny power to the motor. This overrides all other output 
conditions. When set HIGH, drive outputs are activated per the state 
of the commutation state counter. 


Register contents when Written: 


BIT 


NAME 


DESCRIPTION 


4 


ADVANCE 


Each LOW-TO-HIGH transition advances the edge-trigged commu- 
tation state counter by one. When set HIGH, the internal clock (derived 
from the back-emf events) to the commutation state counter is inhib- 
ited. When set LOW, normal operation is resumed. 


5 
6 
7 


STATO 
STAT1 
STAT2 


Preset Commutation State. During start-up, the commutation state 
counter will be preset to the state decoded by these 3 bits per table 2: 



TABLE 2: 



STAT2 


STAT1 


STATO 


OUTA 


OUTB 


OUTC 


OUTUPA 


OUTUPB 


OUTUPC 











OFF 


ON 


OFF 


ON 


OFF 


OFF 








1 


OFF 


OFF 


ON 


ON 


OFF 


OFF 





1 





OFF 


OFF 


ON 


OFF 


ON 


OFF 





1 


1 


ON 


OFF 


OFF 


OFF 


ON 


OFF 


1 








ON 


OFF 


OFF 


OFF 


OFF 


ON 


1 





1 


OFF 


ON 


OFF 


OFF 


OFF 


ON 


1 


1 









Normal Operation 






1 


1 


1 






Normal Operation 
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SPINDLE CONTROL/STATUS REGISTER (continued) 



Register contents when Read: 



BIT 


NAME 


DESCRIPTION 





LOCK 


Active high indicates that the spindle motor is within ±1 5 counts of the 
nominal value (5555 counts with the counter clocked at 500 kHz) or 
±0.27%. The corresponding interrupt event LOCK INT will be reset 
whenever this register is read by the uP. 


1 


OVER 


Active high indicates that the spindle speed is faster than the nominal 
value; active low indicates that the spindle speed is slower than the 
nominal value. 


2 


COMMU 


Back-emf commutation clonk dividpd hv 2 Eanh <?tatp nhannp of 

UUviX Willi vvl 1 II 1 IU luUwl 1 \slV/\sr\ \Jl V IvJI^svJ k/ V Cm. LQvl 1 Oldlw Vs 1 Id 1 IVJ O Vl 

COMMU indicates that the commutation state counter has advanced 
by one. The corresponding interrupt event COMMU INT will be reset 
whenever this register is read by the jiP. 


3 
4 
5 
6 


PERCHK5 
PERCHK4 
PERCHK3 
PERCHK2 


Spindle Speed Check Bits. These bits are used to estimate the 
spindle speed if it is slower than the nominal value. 

P2 P3 P4 P5 SPEED,rps 

SPEED >65 

1 51< SPEED >65 
1 1 36< SPEED >51 
1 1 1 22< SPEED >36 
1111 SPEED >22 


7 


Undefined 
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SERVO CONTROL/STATUS REGISTER 



Address: 2 Access: Read/Write 
Register contents when Written: 



Reset: 00 



BIT 



NAME 



DESCRIPTION 



HENABLE 



H-bridge Driver Enable. When set HIGH, H-bridge MOSFET drivers 
are enabled. 



SW ON 



When set HIGH, the analog switch between the ERRM and SWIN pins 
is turned on. 



Undefined 



TIMING 



Timing Controller Disable. When set HIGH, the timing signals required 
to sample/hold embedded servo position bursts are derived from an 
external timing source via SAMPLEX and ACQX. Otherwise, the 
internal timing controller is used. 



DIBURST 



When HIGH, only two servo bursts, BURST1 and BURST2 are 
sampled. Otherwise, four servo burst amplitudes are sampled. 



LEAD 



Write Gate Guard Lead Enable. When set HIGH, the write gate guard 
is enabled one burst period prior to the sampling of the first position 
burst field. Otherwise, the write gate guard is enabled essentially at the 
same time as the sampling of the first position burst field. 



TIMO 
TIM1 



Burst Field Length Select. These two bits define the time duration 
of each embedded servo position burst field per table below: 



TIM1 


TIMO 


Burst Duration, jisec 








5 





1 


6 


1 





8 


1 


1 


10 



Register contents when Read: 








Undefined 


1 




Undefined 


2 


BURST 


Active HIGH indicates that the embedded servo position bursts are 
ready. 


3 


TRKCS 


Active HIGH indicates a track crossing, i.e., NQ or NQ changes state. 


4 


COUNT 


Active HIGH indicates that the terminal count (000^) of the track 
crossing counter is reached. 


5 




Undefined 


6 


NQ 


Active HIGH when N>Q and reset otherwise. 


7 


NQ 


Active HIGH when N>-Q and reset otherwise. 



The corresponding interrupt events TRKCS INT, COUNT INT and BURST INT will be reset when this register 
is read by the uP. Also, the TRKCS, COUNT and BURST bits in this register are reset after being read. 
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ADC ADDRESS/DATA REGISTER 

Address: 3 Access: Read/Write 



Reset: Undefined 



Description: When Written, the least significant 4 bits of the register define the analog input to the 8-bit A/D 
converter. After conversion, the 8-bit digital word of the analog input is stored into the register. 

Register contents when Written: 



BIT 



NAME 



DESCRIPTION 



ADC SELO 
ADC SEL1 
ADC SEL2 
ADC SEC3 



A/D Converter Input Select. These 4 bits define the analog input to 
the A/D converter per table below: 



BIT3 


BIT2 


BIT1 


BITO 


ADC INPUT 


ADC Vref 














BURST1 


VREF 











1 


BURST2 


VREF 








1 





BURST3 


VREF 








1 


1 


BURST4 


VREF 





1 








PES1 


VREF 





1 





1 


PES2 


VREF 





1 


1 





PESO 


VREF 





1 


1 


1 


N 


NQREF 













Q 


NQREF 










1 


ERR 


VREF 







1 





SOUT 


VREF 







1 


1 


SENSE 


SENSEREF 




1 








ADCIN 


VREF 




1 





1 


VREF 


VREF 




1 


1 





SUM1 


VREF 




1 


1 


1 


SUM2 


VREF 



X4 



X4 Enable. When set HIGH, the analog input to the A/D converter will 
be multiplied by 4 before converted into a digital value. 



5,6,7 



Undefined 



Register contents when Read: 



BIT 


NAME 


DESCRIPTION 


0..7 


ADC0..7 


Digital output of the A/D converter in 2's complement format. ADC7 
corresponds to the sign bit. 
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TRACK COUNT AND HYBRID SERVO CONTROL REGISTER 

Address: 4 and 5 Access: Read/Write Reset: 00 



Description: In a hybrid servo application, the dedicated servo channel is supported by a 12-bit track crossing 
counter with a 4-bit hybrid control register. The counter is preset by the u.P and counts down by one whenever 
the head crosses a track boundary. The LSB 8 bits of the counter are defined at register 4 as follows: 



BIT 


NAME 


DESCRIPTION 


0..7 


TRACK0..7 


LSB of the track crossing counter 0..7. When written, these bits preset 
the track counter. When read, they reflect the counter state. 


The MSB 4 bits of the counter along with the hybrid control bits are latched when the LSB 8 bits are read. The 
hybrid control bits, QUADO, QUAD1 , SELECT Q and CALIB are "write only." They are defined at register 5 as 
follows: 


BIT 


NAME 


DESCRIPTION 


0..3 


TRACK8..11 


MSB of track crossing counter 8..1 1 . When written, these bits preset 
the track counter. When read, they reflect the counter state. 


4 
5 


QUADO 
QUAD1 


Quadrant Select. These 2 bits select the quadrant per table below: 

QUAD1 QUADO Quadrant Selected 

-Q 

1 N 

1 -N 
1 1 Q 


6 


SELECT Q 


Quadrant Select Enable. Select quadrant with QUADO and QUAD1 
when set HIGH. 


7 


CALIB 


Calibration Enable. When set HIGH, the device is in the calibration 
mode in which analog inputs N and Q are tied to a DC reference level, 
NQREF; the analog input SERIN is tied to the DC reference level, 
SEREF. 


ERROR DAC DATA REGISTER 

Address: 6 Access: Write Reset: 00 


BIT 


NAME 


DESCRIPTION 


0..7 


DAC0..7 


Digital input to the D/A converter in 2's complement format. DAC7 
corresponds to the sign bit. 
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EMBEDDED SERVO GAIN CONTROL REGISTER 



Address. / 


Access, wrue 




Reset: 00 








BIT 


NAME 


DESCRIPTION 


o 


GAINO 


Embedded Servo Burst Amplitude Gain Select. 


1 


GAIN1 


These two bits define the gain setting for the embedded servo differ- 






ential amplifier per table below: 












GAIN1 


GAINO 


Gain, dB 










o 





-6 













1 


-3 










1 
















1 


1 


3 




o 
c. 


fSAIMO 
OAIIN^ 


Embedded Servo Burst Amplitude Gain Select. 




Q 
O 


GAIN3 


These four bits define the gain setting for the sample/hold amplifier per 


4 


GAIN4 


table below: 








5 


GAIN5 
















GAIN5 


GAIN4 


GAIN3 


GAIN2 


Gain, dB 


















0.0 















1 


0.2 












1 





0.4 












1 


1 


0.6 









1 








0.8 









1 





1 


1.0 









1 


1 





1.2 









1 


1 


1 


1.4 

















1.6 














1 


1.8 











1 





2.0 











1 


1 


2.2 








1 








2.4 








1 





1 


2.6 








1 


1 





2.8 








1 


1 


1 


3.0 


6 


SYNC SEL 


Sync Input Select. When set HIGH, the frame rate to sample dedicated 






quadrature position signals N and Q is derived internally from SYSCLK. 






Otherwise , it is provided externally from the servo demodulator through 






SYNC and VCO inputs. 








7 


TCHE 


Track Clock Hysteresis Enable. When set HIGH, an internal timing 






hysteresis is added for deriving the TRKCK output. 
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TRANSCONDUCTANCE, PRESCALER & MODE CONTROL REGISTER 



Address: 8 


Access! Write 


Reset: Bit 4 and 5 only 




Bit 


Name 


Description 





TEST 


Test Mode Enable. When set HIGH, the device is in the test mode 
where the testing time for the spindle motor speed control function is 
shortened. 


1 


SLEEP 


Power-down Mode Enable. When set HIGH, the device is in the power- 
down mode where all analog circuitry is de-biased, the clock is disabled 
and the output drivers are pulled to logical HIGH. 


CM CO 


TGAIN1 


Transconductance Select. The transconductance gain of spindle 
motor lower drivers is defined per table below: 






TGAIN1 TGAINO 


Gain 









2 






1 


4 






1 


8 






1 1 


16 


4 
5 


SCALE 1 


SYSCLK Prescaler. To accommodate different system clocks which 
may be used, the prescaler selects a proper divider to generate a f ixed 
clock at 500 kHz per table below: 






SCALE1 SCALEO 


SYSCLK(MHz) Divider 









10 20 






1 


8 16 






1 


6 12 






1 1 


4 8 


6 
7 


MODEO 
MODE1 


Spindle Mode Control. These two bits define the number of motor 
poles per table below: 






MODE1 MODEO 




POLES COMMU/INDEX 

4 12 






1 


8 24 






1 


12 36 






1 1 


N/A N/A 
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EMBEDDED SERVO TIMING WINDOW CONTROL REGISTER 

Address: 9 Access: Write Reset: 00 

Description: The embedded servo position burst timing controller generates four timing windows. The sample 
control register matches these timing windows with four SAMPLE/HOLD circuits. The uP writes into the register 
a control pattern which will provide a necessary sampling to compare the required bursts in a proper polarity and 
sequence. In this manner, the uP can mix and commutate the bursts so that the position error signal is always 
in the same direction. 



BIT 


NAME 


DESCRIPTION 


0,1 


WD SH1 


Define timing window for SAMPLE/HOLD 1 . Bit is LSB. 


2,3 


WD SH2 


Define timing window for SAMPLE/HOLD 2. Bit 2 is LSB. 


4,5 


WD SH3 


Define timing window for SAMPLE/HOLD 3. Bit 4 is LSB. 


6,7 


WD SH4 


Define timing window for SAMPLE/HOLD 4. Bit 6 is LSB. 



The timing window is selected per table below: 



MSB 


LSB 


S/H Timing Window 








Timing window 1 





1 


Timing window 2 


1 





Timing window 3 


1 


1 


Timing window 4 
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FIGURE 2: Dedicated Servo Position Processor 




FIGURE 3: Embedded Servo Burst Amplitude Processor & Timing Controller 
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FIGURE 4: Servo Position Error Amplifier 
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* These gates are powered from VBPY via pull-up resistors. 



FIGURE 5: Voltage Fault & Servo Head Retract Logic 
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FIGURE 6: Spindle Motor Speed Control 
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FIGURE 7: Data Acquisition & Microprocessor Bus Interface 
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FIGURE 11 : Intel Microprocessor Bus Interface Timing Diagram 
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PIN DESCRIPTION 



This section describes the names ot the pins, their symbols, their functions and their active states. The pins 
are grouped together into function for clarity. 

POWER SUPPLIES 



NAME 


TYPE 


DESCRIPTION 


VPA, B, C, G 




Analog +5V supplies. They must be shorted externally. 


VPD 




Digital +5V supply. It must be shorted to analog +5V supplies externally. 


VNA, B, C, G 




Analog grounds. They must be shorted externally. 


VND, VND2 




Digital grounds. They must be shorted to analog grounds externally. 


SERVO HEAD POSITION PROCESSOR 


N 


1 


Normal Input - Analog position signal from a dedicated servo demodulator. This 
input along with quadrature input is used to extract the position information from 
a dedicated servo surface. 


Q 


1 


Quadrature Input - Analog position signal from a dedicated servo demodulator. 


NQREF 


1 


Dedicated Position Error Reference - DC reference voltage for both normal and 
quadrature analog inputs. 


SYNC 


1 


Sync Input - A clock signal generated from a dedicated servo demodulator. The 
falling edge of this clock causes the analog signals N and Q to be sampled. 


VCO 


1 


VCO Input - A clock signal generated from a dedicated servo demodulator. The 
VCO should be synchronous with N and Q inputs. 


TRKCK 





Track Crossing Clock - This digital output drives external hardware track counter 
and is compatible with the counter function available in the Intel 8051 family of 
microcontrollers. It is normally LOW and pulses HIGH once per track crossing. 


TCNT 





Terminal Count - The terminal count output is normally HIGH and goes LOW when 
the 12-bit counter reaches zero. 


PESO 





Position Error Output - Test point for the analog output of the position processor. 
This signal is proportional to the radial displacement of the head from the center 
of the current track, based uponthe values of bits QUADO, QUAD1 and SELECT Q. 


SERIN 


1 


Embedded Servo Input - Full-wave rectified analog signal generated from a read 
data channel. This input is to extractthe position information from embedded servo 
bursts. 


SEREF 


1 


Embedded Servo Burst Reference - A DC reference level forthe full-wave rectified 
analog signal SERIN. 


SAMPLEX 


1 


Servo Burst Sample - This TTL compatible input, when HIGH, activates the peak 
detector. This input is used only when the TIMING bit in the SERVO CONTROL 
register is set HIGH for an external timing source. 
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SERVO HEAD POSITION PROCESSOR (continued) 



NAME 


TYPE 


DESCRIPTION 


ACQX 


I 


Servo Burst Acquisition - This TTL compatible input, when HIGH, activates the 
transfer of the voltage captured by the peak detectoronto holding capacitors. This 
input is used only when the TIMING bit in the SERVO CONTROL register is set 
HIGH for an external timing source. 


PES1 
PES2 





Position Error Signal - Test point for differential signals which are defined as: 
PES1 =BURST1-BURST2 
PES2 = BURST3-BURST4 


SUM1 
SUM2 





Position Sum Signal - Test point for summed signals which are defined as: 

SUM1 =BURST1+BURST2 
SUM2 = BURST3+BURST4 


HEAD POSITIONER MOSFET DRIVER AND VOLTAGE FAULT DETECTION 


ERRM 


I 


Actuator Inverting Input - Inverting input to the position error amplifier of the 
MUorti preonver. 


SWIN 


I 


This input is shorted to ERRM when the bit SW ON is set HIGH. SWIN floats 
otherwise. 


ERR 





Acceleration Error - Position error amplifier output. This signal is amplified by the 
MOSFET drivers and applied to the actuator through an external MOSFET H- 
bridge as follows: 

SE3-SE1 = 30 (ERR-VREF) 


AOUTA 
AOUTC 





PFET Driver - Drive signals for P channel MOSFETs connected between 
VBRIDGE and the voice coil actuator. Crossover protection circuitry ensures that 
the P and N channel devices driven by OUTC and OUTD are never enabled 
simultaneously. 


AOUTB 
AOUTD 





NFET Driver - Drive signals for N channel MOSFETs connected between the 
current sense resistor and the voice coil actuator. 


VBRIDGE 


I 


Bridge Voltage Supply - Pin for connection to the voltage supply provided to 
external power transistors. 


VRETRACT 


I 


Retract Voltage - In head retract mode this voltage is applied across the actuator 
to force the heads to move at a constant speed. 


AOUTR 





Head Retract Amplifier Output - Voltage output to drive an external head retract 
circuit. 


SE1 
SE3 


I 


Motor Voltage Sense Input - These inputs provide feedback to the internal 
MOSFET drive amplifier. 


SE2 


I 


Motor Current Sense Input - Non-inverting input to the current sense differential 
amplifier. It should be connected to an external current sense resistor. The 
inverting input of the differential amplifier is SE1 . 


SOUT 





Motor Current Sense Output - This output provides a voltage proportional to the 
voltage drop across the external current sense resistor as follows: 

SOUT-ERREF = 4 (SE2-SE1 ) 
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HEAD POSITIONER MOSFET DRIVER AND VOLTAGE FAULT DETECTION (continued) 



NAME 


TYPE 


DESCRIPTION 


VX 





Crossover Protection Voltage - The current source output at VX is converted to a 
voltage with an external resistor. The value of the resistor should be adjusted so 
that VX is less than the specified minimum threshold voltage of the MOSFET 
bridge. 


VBYP 


1 


Bypass Voltage Supply - The VBRIDGE voltage is stored on this node for use 
durina retract 


PSB 
PSV 


1 


FaultVoltage Comparator Inputs - Voltage inputs for the low voltage 
comparators. These two inputs should be connected to separate external resistor 
dividers. Each resistor divider divides its corresponding supply voltage to a proper 
value which is comparable with the internal voltage reference at 2.35 volts. 


VREF 





Internal Voltage Reference - A voltage reference at 2.35 volts is generated 
internally for the DC reference level throughout the device. Due to limited drive 
capability provided with on-chip voltage reference, this pin shall be used only for 
connpctino an pxtprnal bvna 4 ?*? ranaritor of 10 uF 


IBR 





Bias Current Reference - Pin for connection to an external resistor (from GND) to 
establish a reference current for bias currents used in analog circuits. 


RESET 


1 


Reset Input - When set LOW, all the internal registers are reset and a forced head 
retraction is activated. 


SYSRST 





Reset Output - Active LOW output signal, which is generated by a supply voltage 
fault or RESET being pulled LOW externally. 


SYSRST 





Reset Output - Active HIGH output signal which is inverted version of SYSRST. 


RCRST 


1 


Pin for connection to an external capacitor to extend the active low duration of 
SYSRST. 


SPINDLE MOTOR SPEED CONTROL 


EXTINDX 


1 


External Index Input-ThisTTL compatible input, when selected via the INDEX SEL 
bit, is used to provide a once-per-revolution indication of angular position and 
speed to the device. The falling edge of EXTINDX is the reference. 


SYSCLK 


I 


System Clock Input - A TTL compatible input is provided to derive internal timing 
signals. 


EXTRC 


1 


Pin for connection to a resistor (from VDD) and a capacitor (from GND) to provide 
the commutation delay. The commutation delay is 0.56 RC. Afterthe commutation 
delay, the timing block provides a noise rejection interval to reject transients on the 
motor coils due to commutations. This noise rejection is an additional 0.29 RC. 
The total time (commutation delay and noise rejection internal) must be less than 
a commutation cycle time. 
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SPINDLE MOTOR SPEED CONTROL (continued) 



NAME 


TYPE 


DESCRIPTION 


BRAKE 


1 


Spindle Braking Enable - This input, when active LOW, dynamically brakes the 
spindle motor. A resistor (from SYSRST) and a capacitor (from GND) are con- 
nected to this pin to provide a delay between the initiation of fault-induced head 
retraction and motor braking. RC are selected such that 1 .2 RC is equal to the 
maximum lime required ior neaa reiraciion. 


VBIAS 





Buffered Bias Voltage - VBIAS is buffered VREF to be used for VLIM and motor 
speed setting bias. (In some applications, it is necessary to create an "offset" to 
the speed control loop to obtain proper speed regulation.) 


PROP 





Proportional Channel D/A Output - The proportional channel output is the least 
significant 5 bits plus sign of the period measuring counter. The LSB signifies a 
2 microsecond period variation. 


INTEGRAL 





Integral Channel D/A Output - The integral channel output is the most significant 
6 bits of an 8-bit accumulator. The accumulator adds the least 8 bits of the period 
measurement counter to the previous value obtained from prior period mea- 
buremeiub ana accumulations. 


VIN 


1 


Speed Control Voltage Input - The combination of external driver transistors and 
internal predriver circuits forms a transconductance amplifier which will define the 
motor current in relation to VIN. In conjunction with the SENSE input and the gain 

ocim ly lui ii ic oci ioc cii i ipm ici , uic iiaiiouui luuixiai ioc yaiii io yivcii uy. 

g m =l m /VIN=1/(R s .A v ) 

\Afhprp | jc thp n irrpnt f Inwinn thrm inh thp ^ninHIp mntorrnil^ R~ thp ci irrpnt cphqa 
wi ici c io ii ic V/Ui i ci ii i iijvvii ly ii ii uuyi i u ic o|jii ivjic 1 1 iuiwi uuuo, iiq ii ic vsUi i ci u oci loc 

resistor and A v the transconductance gain defined by TGAINO and TGAIN1 bits. 


VLIM 


1 


Current Limit Setting Voltage - The spindle motor current will be limited to a value 
ucicT miricu Dy ng, vliivi ana aw bUuii inai imax=VLiivi/^rig , Myy . vlim is usea 
whenever the spindle speed is measured less than 5151 RPM. 


SENSE 


1 


Current Sense Amplifier Noninverting Input - The external driver transistor sources 

arp pnnnpptpH tn a n irrpnt cpncp rpcictnr tn mnnitnr" mntnr pi irrpnt Thp Hpy/ipp 
ai c \s\jt ii icisicu lu a oui 1 ci u oci loc 1 coioiui n o ikj i i iui iiiui 1 1 luiui oui i ci 11. i i ic ucvioc 

will control the voltage across the sense resistor to match either VIN (during normal 
operation) and VLIM (during acceleration). 


SENSEREF 


1 


Current Sense Amplifier Reference Input - Pin fora Kelvin connection to the ground 
side of the sense resistor. 


OUTA 
OUTB 
OUTC 





Predriver Outputs - These predriver outputs drive the gates of external power 
NFETs. They are configured as open-drain outputs with internal 10 KQ pull-up 
resistors to VBEMF. 


OUTUPA 
OUTUPB 
OUTUPC 





Upper Pull-up Outputs - These predriver outputs drive the gates of external 
power PFETs. They are configured as open-drain outputs with internal 
10 KQ pull-up resistors to VBEMF. 


OUTCT 


o 


Center Tap Predriver - This output drives an external PFET driver which connects 
the motor center tap to the positive power supply for unipolar drive applications. 
OUTCT has the same characteristics as OUTUPA,B,C and is enabled via the 
UNIPOLAR bit. 
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SPINDLE MOTOR SPEED CONTROL (continued) 



NAME 


TYPE 


DESCRIPTION 


VBEMF 


1 


Back-emf Voltage - A power diode voltage drop from the motor power supply is 
defined as VBEMF. The external PFET sources are connected to VBEMF as is 
this pin. During power failure, this voltage is used to provide power for head 
retraction and motor braking. 


BEMFA 
BEMFB 
BEMFC 
CTSENSE 


1 


Back-emf Inputs - Inputs to be connected to their respective motor coils and 
the center tap for sensing generated back-emf voltages. The device uses the 
back-emf voltages to determine the rotor position and effect commutation. 


REVCLK 





Revolution Clock Output - This output generates a once-per-revolution indication 
of motor activity derived from back-emf events. 


DATA ACQUISITION AND MICROPROCESSOR BUS INTERFACE 


ALE 


1 


Address Latch Enable - Falling edge latches the register address from the 
AD0..AD7 address/data bus. 


ASE 


1 


Address Strobe Enable - When set LOW, this input enables ALE input to the 
device. 


CS 


1 


Chip Select - Active LOW signal enables the device to respond to uP read or write. 


WR 


1 


Write Strobe - In Intel uP applications, active LOW signal causes the data on the 
address/data bus to be written to the addressed register if CS is also active. 


RD 


1 


Read Strobe - In Intel uP applications, active LOW signal causes the contents of 
the addressed register to be placed on the address/data bus if CS is also active. 


AD0..AD7 


I/O 


Address/Data Bus - 8-bit bus which carries register address information and 
bidirectional data. These pins are in the high impedance state when not used. 


BUSMODE 


1 


Mode Select - When active HIGH, Intel bus interface is selected. Otherwise, 
Motorola bus interface is selected. 


INT 





Interrupt Strobe - Active LOW output signals the uP to respond to the device. It is 
released when all the pending interrupts have been serviced by the uP. 


PWRDN 


1 


Power-down Mode Enable - When set HIGH, the device is in the power-down 
mode where all analog circuitry is de-biased, the clock is disabled and the output 
drivers are pulled to logical HIGH. 


ERRDAC 





Error DAC Output - An 8-bit D/A output which converts a digital word from the uP 
into an analog signal. This signal is fed back to the position error amplifier through 
external RC components. 


ERREF 





Reference voltage for D/A output ERRDAC. 


ADCIN 


i 


External A/D input. 


MUXOUT 





Test point for the X4 amplifier output which is the input to the A/D converter. 
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EMBEDDED SERVO TIMING CONTROLLER 



NAME 


TYPE 


DESCRIPTION 


EXDET 


1 


Bit Synchronization Input - The internal servo timing controller is synchronized with 
this TTL compatible input. 


HOLD 





AGC Gain Hold - TTL compatible control signal holds the input AGC amplifier gain 
of a pulse detector, such as 32P4620, when pulled LOW. 


WGIN 


1 


Write Gate Input - TTL compatible input from the storage controller. 


WGOUT 





Write Gate Output - TTL compatible control signal derived from WGIN. This output 
will be pulled LOW during embedded servo position burst sampling. 


RW 





Read/Write Control Output - TTL compatible control signal derived from WGIN. 
This output will be pulled HIGH during embedded servo position burst sampling or 
when a low voltage fault occurs. 



ELECTRICAL SPECIFICATIONS 



ABSOLUTE MAXIMUM RATINGS 

Exposure to absolute maximum rating conditions for extended periods may cause permanent damage to the 
device or affect reliability. 



PARAMETER 


SYMBOL 


CONDITIONS 


MIN 


NOM 


MAX 


UNITS 


Supply voltage applied at 
VPA, VPB, VPC, VPD, 
VPG 


VDD 




.0-1 




7.0 


V 


Signal ground applied at 
VNA, VNB, VNC, VND, 
VND2, VNG 


GND 




0.0 




0.0 


V 


Bridge voltage applied at 
VBRIDGE 


VBRIDGE 




0.1 




14.0 


V 


Bypass voltage applied at 
VBYP 


VBYP 




0.1 




14.0 


V 


Back-emf voltage applied 
at VBEMF 


VBEMF 




0.1 




20.0 


V 


VBEMF current if 
VBEMF>18V 


IBEMF 








5.0 


mA 


Digital input voltages 


VIND 




-0.3 




VDD+0.3 


V 


Analog input voltages 


VINA 




-0.3 




VDD+0.3 


V 


Storage temperature 


Tstg 




-65 




150 


°C 


Lead temperature 


Tl 








300 


°C 
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OPERATING ENVIRONMENT LIMITATIONS 

The recommended operating conditions for the device are indicated in the table below. Performance 
specifications do not apply where the device is operating outside these limits. 



PARAMETER 


SYMBOL 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


Supply voltage applied at 
VPA,VPB,VPC,VPD,VPG 


VDD 




4.75 


- 


5.25 


V 


Signal ground applied at 

\/MA X/KID \/Klf* \/MI""\ 

VNA.VNb.VNO.VNu, 
VND2.VNG 


GND 




0.0 


- 


0.0 


V 


Bridge voltage applied 
at VBRIDGE 


VbnIUot 




4./0 






V 


Bypass voltage applied 
at VBYP 


VBRIDGE 
-VBYP 




0.0 


- 


0.8 


V 


Back-emf voltage applied 
at VBEMF 


VBRIDGE 
-VBEMF 




-5.0 




0.8 


V 


Ambient temperature 


TA 




0.0 




70.0 


°c 


System clock (10 MHz, Max) 


Fc 








±0.01 


% 


Capacitive load on digital 
outputs 


CL 








100 


PF 


Analog input impedance 


Rin 




100 






kQ 


Cin 








20 


PE 


Load on analog outputs 


Rout 




10 






kQ 


Cout 








40 


PF 


Bias resistor (22.6 kQ, Typ) 


RBIAS 








±1 


% 



DC CHARACTERISTICS 

The following electrical specifications apply to the digital input and output signals over the recommended 
operating range unless otherwise noted. Positive current is defined as entering the device. Minimum and 
maximum are based upon the magnitude of the number. 



Supply current 
Normal mode 


IDD 


VDD=5.25V 






50 


mA 


Power-down mode 










5 


mA 


Output logic "1" voltage 


Voh 


loh=-0.4 mA 
VDD=4.75V 


2.4 






V 


Output logic "0" voltage 


Vol 


lol=1.6 mA 
VDD=4.75V 






0.4 


V 


Input logic "1" voltage 


Vih 


VDD=4.75V 


2.0 






V 


Input logic "0" voltage 


Vil 


VDD=4.75V 






0.8 


V 
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ELECTRICAL SPECIFICATIONS (continued) 
DC CHARACTERISTICS (continued) 



PARAMETER 


SYMBOL 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


Input logic "1" current 


lih 


Vih=5.25V 
VDD=5.25V 






10 




Input logic "0" current 


lil 


Vil=0.0 
VDD=5.25V 






-10 


ma 


Input capacitance 


Cin 








10 


pF 



FUNCTIONAL CHARACTERISTICS 
Dedicated Servo Position Processor 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


N,Q comparator hysteresis 




5 




30 


mV 


Commutator comparator 
offset 








±30 


mV 


N,Q input voltage 
w.r.t GND 




0.5 




3.7 


V 


NQREF w.r.t. GND 




1.9 




2.9 


V 


N,Q input voltage 
w.r.t NQREF 








±1.1 


V 


Channel gain from N,Q 
to PESO 




0.96 


1.0 


1.04 


V/V 


PESO offset 








±50 


mV 


PESO output corner frequency 




60 


85 


120 


kHz 


Embedded Servo Burst Amplitude Processor 


SERIN w.r.t. GND 




2.0 




VDD 


V 


SEREF w.r.t. GND 




2.0 




3.0 


V 


SERIN input voltage 
swing w.r.t. SEREF 


Channel gain=-6 dB 


0.0 




2.0 


Vp 


Channel gain=0 dB 


0.0 




1.0 


Vp 


Servo burst frequency 




0.5 




2.0 


MHz 


Input impedance at 
SERIN, SEREF 




20 






kQ 






10 


PF 


DC offset at PES1.PES2 


BURST1=BURST2=0.5V 
BURST3=BURST4=0.5V 


-30 




20 


mV 


DC offset at SUM 1.SUM2 


BURST1=BURST2=0.5V 
BURST3=BURST4=0.5V 







-250 


mV 
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Embedded Servo Burst Amplitude Processor (continued) 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


Differential gain error 

at PES1,PES2,SUM1,SUM2 








±0.1 


dB 


Integral gain error 

at PES1,PES2,SUM1,SUM2 








±1.0 


dB 


PES1.PES2 output swing 
w.r.t. VREF 








±1.1 


V 


SUM1 ,SUM2 output swing 
w.r.t. VREF 








1.1 


V 


Allowable load at PES1, PES2, 
SUM1,SUM2to VREF 




10 






ka 






40 


PF 


Embedded Servo Timing 

The following timing specifications are applied when the internal servo timing block is selected by pulling the 
TIMING bit to logical LOW. Timing measurements are defined in Figure 3 and made at 50% VDD with 50 pF 
load capacitances for all pins, unless otherwise noted. 


PARAMETER 


SYMBOL 


MIN 


NOM 


MAX 


UNIT 


Burst cell time 

TIM0='0' TIMWO' 


teST 




5.0 




us 


TIM0=T TIMWO' 






6.0 




us 


TIM0='0' TIM1=T 






8.0 




us 


TIM0=T TIM1=T 






10.0 




us 


EXDET pulse width 


teXDW 


0.5 




teST 


us 


Internal first sampling time 
from EXDET rise 
LEAD='0' 


l SPD 


1.0 




1 .7 


us 


LEAD=T 




(teST+1 .0) 




(teST+l .7) 


us 


Sampling pulse width 

TIM0=*0' TIMWO' 


tSPW 




2.0 




us 


TIM0=T TIMWO* 






3.0 




us 


TIM0='0' TIM1=T 






5.0 




us 


TIM0=T TIM1=T 






7.0 




us 


Acquisition pulse width 


X APW 




2.0 




us 


Discharge pulse width 


! DIS 




0.75 




us 


Nonoverlapping time between 
sampling & acquisition pulses 


l NON 




0.25 




us 
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Embedded Servo Timing (continued) 



PARAMETER 


SYMBOL 


MIN 


NOM 


MAX 


UNIT 


Burst ready interrupt from 
EXDET rise 

niRI IRQT— 'fi' 1 FAn-'n' 
UIDUno 1 = U LtAU= U 


l INT 


v 4t BST +£> - d ) 




( 4t BST +t) ' 9 > 


us 


niRIIRQT-'1' I FAD-'n' 
UIDUnO I = I LCnU= U 




/Of — i c o\ 

^ l BST +t> d > 




\^ l BST +t>y > 


US 


niRI IR^T-'O' I FAn-'1' 




v^BST* */ 




v^BST+s^ 


US 


DIBURST=T LEAD=T 




(3t BST +5.2) 


_ 


(3t BST +5.9) 


US 


WGOUT & RW delay time 
from EXDET rise 


*DWG 


0.0 


- 


0.1 


us 


WGOUT & RW hold time 
from EXDET rise 

DIBURST='0' LEAD='0' 


*XWG 


(4t BST +1.0) 


- 


(4t BS T+ 1 - 7 ) 


US 


DIBURST='1' LEAD='0* 




(2t BST +1.0) 


- 


(2t BS T+ 1 - 7 ) 


us 


DIBURST='0' LEAD=T 




(5t BST +1.0) 


- 


(5t BST +1.7) 


us 


DIBURST=T LEAD='1' 




(3t BS T+ 1 -0) 




(3t BS T+ 1 - 7 ) 


US 


mulu oeiay time trom hxut i 
rise 

LEAD='0' 


t rM_i i 












0.2 




0.7 


US 


LEAD=T 




(t BST +0.2) 




(tBST+°.7) 


us 


HOLD hold time from EXDET 
rise 

DIBURST='0' LEAD='0' 


*XHL 












(4t BST +1.0). 




(4t BS T+1 1) 


us 


DIBURST=T LEAD='0' 




(2t BST +1.0) 




(2IBST+ 1 - 7 ) 


us 


DIBURST='0' LEAD=T 




(5t BST+ 1.0) 




(5t BST +1.7) 


us 


DIBURST=T LEAD='1' 




(3t BST +1.6) 




(3t BS T+ 1 - 7 ) 


us 



The following timing specifications are applied when the internal servo timing block is selected by pulling the 
TIMING bit to logical HIGH. Timing measurements are defined in Figure 4 and made at 50% VDD with 50 pF 
load capacitances for all pins, unless otherwise noted. 



EXDET pulse width 


l EXDW 


0.5 




5.0 


us 


SAMPLEX delay time from 
EXDET rise 


l SPD 


0.2 






us 


SAMPLEX pulse width 


*SPW 


3 






us 


ACQX pulse width 


l APW 


2 






us 


Nonoverlapping time between 
SAMPLEX & ACQX pulses 


*NON 


0.0 






US 


Burst ready interrupt from last 
ACQX fall 


*INT 


5.2 




5.9 


us 


WGOUT & RW delay time from 
EXDET rise 


*DWG 


0.0 




0.1 


us 
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Embedded Servo Timing (continued) 



PARAMETER 


SYMBOL 


MIN 


NOM 


MAX 


UNIT 


WGOUT & RW hold time from 
last ACQX fall 


txWG 


1.0 




1.7 


US 


HOLD delay time from first 
SAMPLEX rise 


*DHL 


0.2 




0.7 


JUS 


HOLD hold time from last 
ACQX fall 


*XHL 


1.0 




1.7 


us 



Head Positioner MOSFET Driver 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


VRETRACT voltage 


VBEMF = 3V 


0.3 


- 


0.9 


V 


i/ni~iir •* r\\ I 

VBEMF = 12V 


0.4 




1.2 


V 


Retract offset 
VBEMF = 3V 


VRETRACT = 0.5V 


-70 




50 


mV 


VBEMF = 6V 


VBYP = 4V to 13V 


-70 




70 


mV 


VBEMF = 12V 


, AOUTR <1mA 


-150 


- 


150 


mV 


Voh at AOUTR 

VBEMF = 4V VBYP = 4V 


loh = -1 mA 


1.5 


- 


- 


V 


VBEMF = 3V VBYP = 4V 




1.3 






V 


Leakage current at AOUTR 


RETRACT = LOW 
AOUTR = 0V to 14V 


- 


- 


1 


MA 


Voh at AOUTA, AOUTC 


loh = -1 mA 


VBRIDGE-1.5 






V 


loh = -1 \xA 


VBRIDGE-0.1 






V 


Vol at AOUTA, AOUTC 


lol = 10 uA 






1 


V 


Voh at AOUTB 


loh = -10uA 


VBRIDGE-0.5 






V 


VohatAOUTD 


loh = -10nA 


VBYP-0.5 






V 


Vol at AOUTB, AOUTD 


lol = 1 mA 






1 


V 


lol = 10uA 






0.2 


V 


Input offset at SOUT 








±3 


mV 


SOUT/(SE1-SE2) 




3.9 




4.1 


V/V 


SE1/ERR, SE3/ERR 




14.0 




15.4 


V/V 


ERRAMP input offset 








±10 


mV 


ERRAMPgain 




1000 






V/V 


Output crossover time 
CL = 600 pF at AOUTA,C 
CL = 150 pF at AOUTB, D 


PFET VTH = -2V 
NFET VTH = 2V 
R x = 50k^ 






45 


MS 


Input impedance at SE1 , 
SE2.SE3 




20 






kQ 
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Head Positioner MOSFET Driver (continued) 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


Output resistance at SOUT 








350 


Q 


Analog switch on- 
resistance at SWIN 








600 


Q 


Output resistance at ERR 








100 


a 


Output voltage at VX 




1.0 




1.4 


V 



Voltage Reference and Voltage Fault Circuit 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


VPB voltage for SYSRST 
& RCRST in operation 




2.0 






V 


On resistance at RCRST 
VPB>3.5V VBYP>4V 








800 


Q 


VPB>3.5V VBYP>10V 








550 


a 


RCRST input threshold 


VBYP=4V 


0.2 




1.2 


V 


IBR voltage w.r.t. VREF 




-80 




20 


mV 


Output voltage at VREF 


|ll|<10uA 


2.27 


2.34 


2.41 


V 


PSB,PSV comparator offset 








±15 


mV 



Spindle Motor Speed Control 



SYSCLK duty cycle 




40 




60 


% 


EXTINDX pulse width 




200 






ns 


Advance pulse width 




3 






us 


Timing resistor at EXTRC 




0.01 




10 


MC2 


Timing capacitor at EXTRC 




100 






PF 


Delay time variation relative 
to TO* 








±5 


% 


Vil at BRAKE 


VBEMF = 5V 







0.3 


V 


Vih at BRAKE 


VBEMF = 5V 


1.5 






V 


Output voltage swing at PROP 
& INTEGRAL 


l out <0.1mA 







VBIAS±5% 


V 


DAC step size at PROP & 
INTEGRAL 




32 




39 


mV 


Output impedance at PROP & 
INTEGRAL 


0.5V<V out <2.0V 
l out =0.1mA 






300 


Q 
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Spindle Motor Speed Control (continued) 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


Kp.proportional gain** 




0.31 




0.38 


V/rad/s 


Ki.integral gain 




7.00 


- 


8.55 


V/rad 


VBIAS output w.r.t. VREF 




-50 




25 


mV 


Input voltage at VIN & VLIM 









2.35 


V 


Input leakage current at 
VIN & VLIM 








±1 


uA 


Output resistance at 
OUTUPA,B,C & OUTCT 


Output in HIGH state, 
pulled to VBEMF 


5 


- 


20 


ka 


Vol at OUTUPA.B.C & 
OUTCT 


l 0Ut <3mA 
VBEMF=13.2V 


- 


- 


1.0 


V 


Output resistance at 
OUTA,B,C 


Output in HIGH state, 
pulled to VBEMF 


5 


- 


20 


ka 


Vol at OUTA,B,C 


l 0Ut <5mA 


- 


- 


1.0 


V 


Input voltage at SENSE 


A v =2 


0.0 


- 


1.0 


V 


Input voltage at SENSEREF 




0.0 




0.05 


V 


Input leakage current at 
SENSE 


0.0V<V in <1.0V 




- 


±10 


ma 


Input leakage current at 
SENSEREF 


0.0V<V in <0.05V 


-200 




10 


uA 


Input capacitance at 
SENSE & SENSEREF 








20 


PF 


Gain variation*** 


A v =2,4,8,16 






±10 


% 


Input impedance at 
BEMFA,B,C 


-0.3V<V in <15V 


100 




10 


ka 

PF 


Input impedance at 
CTSENSE 




30 




10 


ka 

PF 


LOCK indication range 




5384.9 




5415.1 


RPM 


Speed resolution 








±0.018 


% 



*T0 is the commutation delay and is given by the relationship TO = 0.56RC. Suggested value for C would 
be 470 to 1000 pF. An external R and C must be provided such that TO is greater than 10 us (R=22 ka, 
C=470 pF). 

**The motor speed control loop can be described as: H(s)=K p +Kj/s 

***The transconductance gain from VIN or VLIM to the steady-state current flowing through the motor is given 
byG = 1/(R SENSE .A v ) 
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DATA ACQUISITION 
A/D Converter 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


ADCIN full-scale 
swing w.r.t. VREF 


X4=LOW 




±(VREF/2) 




V 


X4-HIGH 




±(VREF/8) 




V 


Resolution 






8 




Bits 


Conversion time* 






4.0 




us 


LSB voltage 


X4=LOW 




VREF/256 




mV 


X4=HIGH 




VREF/1024 




mV 


Differential linearity error 








±0.75 


LSB 


Relative accuracy** 








±1.0 


LSB 


Power supply sensitivity 








±0.5 


LSB 



*A maximum of 2 us of latency between a conversion request and the actual start of conversion must be added 
to this conve.rsion time of 4 us to calculate the total delay time from a conversion request to the completion 
of conversion. 



**Relative accuracy is the deviation of the analog value at any code (relative to the full analog range of the 
A/D transfer characteristic) from its theoretical value (relative to the same range), after the full-scale range has 
been calibrated. 



Error D/A Converter 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


ERRDAC full-scale voltage 
swing w.r.t ERREF 






±(VREF/2) 




V 


Resolution 






8 




Bits 


Conversion time* 






4.0 




us 


LSB voltage 






VREF/256 




mV 


Output voltage at ERREF 




1.56 


1.61 


1.66 


V 


ERRDAC offset w.r.t. ERREF 








±5 


mV 


Differential linearity error 








±0.5 


LSB 


Relative accuracy** 








±1.0 


LSB 


Power supply sensitivity 








±0.5 


LSB 



*A maximum of 2 us of latency between a conversion request and the actual start of conversion must be added 
to this conversion time of 4 us to calculate the total delay time from a conversion request to the completion 
of conversion. 



**Relative accuracy is the deviation of the analog value at any code (relative to the full analog range of the 
D/Atransfercharacteristic) from its theoretical value (relative to the same range), after the full-scale range has 
been calibrated. 
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Intel Microprocessor Interface Timing 



The following timing specifications are applied when an Intel bus interface is selected by pulling the 
BUSMODE pin to logical HIGH. Timing measurements are defined in Figure 5 and made at 50% VDD with 
50 pF load capacitances for all pins, unless otherwise noted. 



PARAMETER 


SYMBOL 


MIN 


NOM 


MAX 


UNIT 


Pulse width, ALE HIGH 


*ALPW 


45 


- 


- 


ns 


Muxed address valid time to ALE fall 


US 


7.5 


- 


- 


ns 


Muxed address hold time from ALE fall 


*AH 


20 


- 


- 


ns 


Read data delay time from RD fall 


*DDR 






149 


ns 


Read data hold time from RD rise 


*DHR 







55 


ns 


Pulse width, RD LOW 


l RDPW 


200 






ns 


Write data set up time to WR rise 


l DSW 


70 






ns 


Write data hold time from WR rise 


*DHW 


10 






ns 


Pulse width, WR LOW 


*WRPW 


100 






ns 


RD or WR delay time from ALE fall 


*RWD 


25 






ns 


CS valid time to ALE fall 


*CSS 









ns 


CS hold time from RD or WR rise 


*CSH 









ns 


ASE valid time to ALE fall 


Uses 


45 






ns 


ASE hold time from ALE fall 


*ASEH 









ns 
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Motorola Microprocessor Interface Timing 



The following timing specifications are applied when a Motorola bus interface is selected by pulling the 
BUSMODE pin to logical LOW. Timing measurements are defined in Figure 6 and made at 50% VDD with 
50 pF load capacitances for all pins, unless otherwise noted. 



PARAMETER 


SYMBOL 


MIN 


NOM 


MAX 


UNIT 


Pulse width, AS HIGH 


*ASPW 


45 


- 




ns 


Muxed address valid time to AS fall 


<AS 


10 


- 


. - 


ns 


Muxed address hold time from AS fall 


*AH 


20 


- 


- 


ns 


Read data delay time from DS rise 


*DDR 


- 


- 


180 


ns 


Read data hold time from DS fall 


*DHR 





- 


80 


ns 


Pulse width, DS HIGH during READ 


l DSPWR 


200 






ns 


Write data setup time to DS fall 


*DSW 


70 






ns 


Write data hold time from DS fall 


*DHW 


10 






ns 


Pulse width, DS HIGH during WRITE 


tDSPWW 


100 






ns 


DS delay time from AS fall 


*ASDS 


25 






ns 


R/W delay time from AS fall during WRITE 


*ASRW 


25 






ns 


R/W hold time from DS fall during WRITE 


*RWH 









ns 


CS valid time to AS fall 


*CSS 









ns 


CS hold time from DS fall 


X CSH 









ns 


ASE valid time to AS fall 


Uses 


45 






ns 


ASE hold time from AS fall 


*ASEH 









ns 
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PACKAGE PIN DESIGNATIONS 

(Top View) 



CAUTION: Use handling procedures necessary 
for a static sensitive component. 



2 5 
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2 2 





' o <n o> o> a> 
1 " 


oc>0)Oo>ct)coo6oooocoo6oogooo 




VX 






79 




AOUTC 


Q — 


3 


78 




AOUTD 










SE3 


VPA 




76 






VND2 — 


5 


75 




ERRM 




7 






VRETRACT 


PES1 — 




73 




VBYP 


SUM1 — 


g 


72 






PES2 — 




71 




VREF 


SUM2 


11 


70 




VBEMF 


SEREF 


12 


69 




VPB 


SERIN 


13 


68 




VPG 


VNC 


14 


67 




BRAKE 


VPD 


15 


66 




OUTCT 


EXDET 


16 


65 




CTSENSE 


SAMPLEX 


17 


64 




OUTUPA 


ACQX 


18 


63 




BEMFA 


WGIN 


19 


62 




OUTA 


WGOUT 


20 


61 




OUTUPB 


R/W 


21 


60 




BEMFB 


HOLD 


22 


59 




OUTB 


VCO 


23 


58 




OUTUPC 


SYNC 


24 


57 




BEMFC 


TcnT — 


25 


56 




OUTC 


TRKCK 


26 


55 




SENSE 


REVCLK 


27 


54 




SENSEREF 


SYSCLK 


28 


53 




VIN 


INT 


29 


52 




VLIM 


WR 


30 


51 




INTEGRAL 
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100-Lead QFP 



ORDERING INFORMATION 



PART DESCRIPTION 


ORDER NUMBER 


PACKAGE MARK 


SSI 32H4633 1 00-Lead QFP 


32H4633-CG 


32H4633-CG 



Preliminary Data: Indicates a product not completely released to production. The specifications are based on preliminary evaluations 
and are not guaranteed. Small quantities are available, and Silicon Systems should be consulted for current information. 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other 
rights of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. 
Silicon Systems reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to 
verify that the data sheet is current before placing orders. 
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SSI 32H6110 

Differential Amplifier 



December 1992 

DESCRIPTION FEATURES 

The SSI 32H61 1 is a high performance, differential • High gain (Av=300) 
amplifier used as a preamplifier for the magnetic servo 

thin-film head in Winchester disk drives. The SSI * Low noise, 0.85 nV/VHz maximum 

32H61 10 is offered in an 8-pin SON package. _ 

K K y • Operates with a +5V power supply 



6 



BLOCK DIAGRAM 



PIN DIAGRAM 



INPUT1 (+) 
INPUT2 (-) 



VCC 

O- — 



OUTPUT1 (+) 
OUTPUT2 (-) 



INPUT 1 (+) 
INPUT 2 (-) 
SEE NOTE 
GND 



GND 



| N/C 
VCC 
| OUTPUT 2 (-) 
OUTPUT 1 (+) 



8-Pin SON 



CAUTION: Use handling procedures necessary 
for a static sensitive component. 
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ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS - operating above maximum ratings may damage the device 



PARAMETER 


RATING 


UNIT 


Power Supply Voltage (VCC) 


7 


V 


Differential Input Voltage 


±1 


V 


Storage Temperature Range 


-65 to 150 


°c 


Operating Ambient Temperature, Ta 


10 to 100 


°c 


Operating Junction Temperature, Tj 


10 to 135 


°c 



RECOMMENDED OPERATING CONDITIONS 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


Supply Voltage (VCC) 




4.50 


5.0 


5.50 


V 


Input Signal (Vin) 






1.0 




mVpp 


Ambient Temperature 









+100 


°C 


Operating Junction Temperature 









+135 


°C 



ELECTRICAL CHARACTERISTICS 

Unless otherwise specified, recommended operating conditions apply. 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


Gain (Differential) Rl = 1 20Q 


Vin = 1mVpp, R L = 1 20Q 
Ta = 25°C,f = 1 MHz 


225 


300 


375 


mV/mV 


Rl = 100Q 


Vin = 1mVpp,R L = 1 00£2 
Ta = 25°C, f = 1 MHz 


200 


250 


300 


mV/mV 


Bandwidth (3 dB) 


Vin = 1mVpp, Cl = 15 pF 
R L = 120ft 


10 


30 




MHz 


Gain Sensitivity (Supply) 


Ta = 25°C 






4.0 


%/V 


Gain Sensitivity (Temp.) 


15°C<Ta<55°C 






-0.16 


%/°C 


Input Noise Voltage 


Input Referred, Rs = 




0.6 


0.85 


nV/VHz 


Input Capacitance (Differential) 


Vin = 1 mVpp, f = 5 MHz 






35 


PF 


Input Resistance (Differential) 






200 




a 


Common Mode Rejection 
Ratio (Input Referred) 


Vin = 100 mVpp,f = 1 MHz 


60 






dB 


Power Supply 

Rejection Ratio (Input Referred) 


Vin = 100 mVpp,f = 1 MHz 


54 






dB 
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ELECTRICAL CHARACTERISTICS, (Continued) 

Unless otherwise specified, recommended operating conditions apply. 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


Innut nvnarnir 

iiilhji y i icii i uvs 

Range (Differential) 


AO innut x/oltanp whprp 

gain falls to 90% of its small 
signal value, f = 5MHz, 
R L = 120Q 


5.0 






mVpp 


Output Offset 
Voltage (Differential) 


Inputs shorted 


-400 


±50 


+400 


mV 


Output Voltage (Common Mode) 


Inputs shorted together and 
Outputs shorted, R L = 120H 


VCC-0.56 


VCC-0.88 


VCC-1.2 


V 


Single Ended Output Capacitance 








10 


PF 


Power Supply Current 


VCC = 5V 




23 


34 


mA 


Input DC Voltage 


Common Mode 




2.0 




V 



APPLICATION INFORMATION 




RECOMMENDED LOAD CONDITIONS 



Input is directly coupled to the head. 

Cc's are AC coupling capacitors. 

Rl's are DC bias and termination resistors, 120Q 
recommended. 

REQ. represents equivalent load resistance. 

Ceramic capacitors (0.1 uF) are recommended for 
good power supply noise filtering. 



FIGURE 1: Connection Diagram 
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PACKAGE PIN DESIGNATIONS 

(Top View) 



INPUT 1 (+) 
INPUT 2 (-) 
SEE NOTE 
GND 



1 


8 


2 


7 


3 


6 


4 


5 



N/C (See Note) 
VCC 

OUTPUT 2 (-) 
OUTPUT 1 (+) 



8-Pin SON 



NOTE : N/C pin must be left open and not connected to any circuit etch. 



ORDERING INFORMATION 



PART DESCRIPTION 


ORDERING NUMBER 


PACKAGE MARK 


SSI 32H61 10 Differential Amplifier 






8-Pin SON 


32H6110-CN 


H6110 



No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders. 
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DESCRIPTION 

The SSI 32H6210 Servo Demodulator is a bipolar 
device intended for use in Winchester disk drives with 
dedicated surface head positioning systems. It proc- 
esses a di-bit quadrature pattern read from the servo 
surface by a preamplifier, such as the SSI 32H101 or 
SSI 32H1 1 6, and generates normal and quadrature (N 
and Q) position reference signals. These signals pro- 
vide the servo controller with position errorf eedback. A 
complete position control system can be realized with 
the SSI 32H6210 and its companion devices, the 
SSI 32H6220 Servo Controller and SSI 32H6230 
Servo Motor Driver. 

The SSI 32H6210 incorporates an input amplifier with 
automatic gain control and offset cancellation, a phase 
locked loop and sync separator to recover timing 
information, and pulse area detectors to recover the 
position information. External components are used to 
set the operating characteristics of the SSI 32H6210, 
such as AGC response, VCO center frequency, PLL 
response and sync separator threshold. Its high per- 
formance analog/digital circuitry is capable of sup- 
porting servo frame rates of up to 400 kHz. 



SSI 32H6210 

Servo Demodulator 



Preliminary Data 



February 1992 

FEATURES 

• Servo signal demodulation for dedicated sur- 
face head positioning systems 

• Supports industry standard di-bit quadrature 
servo pattern with frame rates up to 400 kHz 

• N, Q outputs convey track crossing and posi- 
tion error information 

• PLL for timing recovery and synchronization 

• Adjustable sync separator threshold 

• Auto-zeroing AGC input amplifier 

• AGC reference level adjustment 

• Precision bandgap voltage reference output 

• Advanced bipolar process dissipates lessthan 
900mW(5V, 12V) 

• Available in 28-pin PLCC, DIP, SO packages 
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FUNCTIONAL DESCRIPTION 

(Refer to block diagram, and typical application, Fig.2) 

The SSI 32H6210 processes servo position 
information which is read from a dedicated surface by 
a pre-amplif ier. The servo information must conform to 
the 'di-bit quadrature' pattern which is illustrated in 
Figure 4. Servo frames, consisting of data and sync 
pulses followed by four information pulses (A, B, C, D) 
are prerecorded along each track of the servo surface. 
All the servo frames on an individual track are identical, 
but in the radial direction four different frame types are 
encountered, with every fourth track being identical. 
The N signal generated by the SSI 32H6210 is 
proportional to the difference in sizes of pulses A and 
B, while the Q signal is proportional to the difference 
between pulses C and D. When the read head is off 
track, the read signal is effectively a linear interpolation 
between the prerecorded information of two adjacent 
tracks, making it possible to sense the head 
displacement exactly. 

The SSI 32H6210 has a differential input amplifier 
which incorporates offset voltage cancellation and 
automatic gain control. An external read preamplifier 
must provide a differential input signal of 23 to 400 mV 
peak to peak from the servo read head. This signal is 
applied to a pulse detector whose output is proportional 
to the area under the input pulse. 

An AGC circuit adjusts the input gain so that the 
maximum pulse detector output is 2V peak. The AGC 
circuit incorporates a peak detector which stores the 
maximum pulse area signal on the external capacitor 
Cpk. This signal is compared to an internal amplitude 
reference and the input amplifier gain is adjusted until 
they are equal. The capacitor Cagc determines the 
response time of the gain control circuit. An offset 
cancellation circuit , whose response is set with the 
external capacitor Caz, ensures that the average level 
at the differential amplifier output is zero. 

An AGC adjust (AGCADJ) pin allows the user to adjust 
the AGC reference level. AGCADJ can be driven with 
a potentiometer or a D/A ( a simple Pulse Width 
Modulated signal is usually sufficient.) This pin is left 
open if no AGC adjustment is required. 

All internal analog signals are referenced to a 5.4V 
bandgap reference voltage. This level is available at 
the VREF output, which is capable of supplying 1 mA 
to the rest of the servo path electronics. 



I n a standard servo frame , the data and sync pulses are 
more closely spaced than the information pulses (A-D). 
This allows the sync detect circuit to recover the SYNC 
pulses. A threshold, which is defined as percentage of 
the peak signal at the output of the AGC amplifier, is set 
externally with Rth. Pulses which exceed this thresh- 
old are defined as valid pulses. As illustrated in Figure 
6, at the end of the positive going half of a valid pulse, 
a window, whose width is set by Rw and Cw, is opened. 
If a second valid pulse occurs within this window, it is 
recognized as a SYNC pulse. This pulse becomes the 
input signal to a phase locked loop whose VCO clock 
frequency is 3 2 times the SYNC frequency (servo 
frame rate). The DATA output rises after a missing data 
pulse. The example illustrated in Figure 6 includes the 
case of a missing DATA pulse. The SYNC clock output, 
which marks the start of a new servo frame, is derived 
from the VCO output so that the clock continues to run 
when a data pulse is missing. Absolute positioning 
information such as track and guardband flags may 
be encoded on the servo surface by the omission of 
data pulses. 

To generate the servo pattern shown in the timing 
diagram, Figure 5, the DATA and SYNC pulses must 
be written to overlap as shown in Figure 7. 

The phase detector compares the detected sync 
pulses with the SYNC output. A current pulse propor- 
tional to the phase error is applied to an external loop 
filter network connected to the LF pin, to generate the 
VCO control voltage. If improved power supply rejec- 
tion is required, bypassing may be provided at pins 
BP1 and BP2. The VCO center frequency is deter- 
mined by the external components Rvco and Cvco. 

A lock detect circuit measures the phase difference 
between the detected sync pulses and the sync output. 
When this difference exceeds half of a VCO clock 
cycle, a pulse of discharge current is applied to CLD. 
Otherwise a pulse of charging current is applied to 
CLD. 

A clamp circuit limits the swing of the CLD pin and also 
insures that a small amount of hysteresis is present. 
When the voltage on CLD falls below the upper clamp 
level by more than the "lock margin," the open collector 
LOCK output transistor is turned on. Likewise, when 
the voltage on CLD rises above the lower clamp level 
by more than the "unlock margin," the LOCK output 
transistor is turned off. 
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FUNCTIONAL DESCRIPTION (Continued) 

Internal timing windows are generated from the recov- 
ered SYNC pulse and VCO clock. These windows, 
WA, WB, WC, and WD, in Figure 5, enable the four 
peak detectors to capture the A, B, C and D information 
pulses. The N and Q analog outputs are formed by 
differencing adjacent pulses. These outputs change 
during a servo frame and only become valid after the D 



pulse has been detected. N and Q should be sampled 
by the servo controller on the next falling edge of the 
SYNC output clock. 

An example of an entire servo path implemented with 
the SSI 32H6210 and its companion devices, the 
SSI 32H6220 and SSI 32H6230, is shown in Figure 9. 



12V 5V 



PWMfromjiP — ^ 




SERVO DATA 



TO SERVO CONTROLLER 



FIGURE 2: Typical Application 
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PIN DESCRIPTION 



POWER 



NAME 


TYPE 


DESCRIPTION 


VREF 





REFERENCE VOLTAGE - 5.4V output. All analog signals are refer- 
enced to this voltage. 


AGND 




ANALOG GROUND 


VPA 




ANALOG SUPPLY - 12V power supply. 


VCC 




DIGITAL SUPPLY - 5V power supply. 


DGND 




DIGITAL GROUND 


INPUT AMPLIFIER 


NAME 


TYPE 


DESCRIPTION 


CAZ 




AUTOZERO CAPACITOR - A capacitor which sets the response of the 
input amplifier offset cancellation circuit should be connected between 
this pin and analog ground. 


IN + 


I 


NON-INVERTING INPUT - AGC input amplifier connection. The non- 
inverting output of the differential servo pre-amplifier should be AC 
coupled to this pin. 


IN- 


I 


INVERTING INPUT - AGC input amplifier connection. The inverting 
output of the differential servo pre-amplif ier should be AC coupled to this 
pin. 


CPK 




PEAK HOLD CAPACITOR - A capacitor which is used by the peak 
detector of the AGC circuitry must be connected between this pin and 
analog ground. 


CAGC 




AGC CAPACITOR - A capacitor which sets the AGC attack and decay 
times must be connected between this pin and analog ground. 


AGCADJ 


I 


AGC Adjust - This pin allows for AGC reference level adjustment. It is 
driven by a potentiometer or D/A. Normally this pin is left open. 



TIMING RECOVERY 



NAME 


TYPE 


DESCRIPTION 


vco 





VCO OUTPUT - TTL compatible digital clock which is 32 times the sync 
frequency (servo frame rate). 


C2.C1 




VCO CAPACITOR - Connection points for a capacitor which sets the 
VCO center frequency in conjunction with an external resistor con- 
nected to RVCO. 


BP1,BP2 




PLL BYPASS - Bypass capacitors may be connected between these 
pins and analog ground to provide additional power supply rejection in 
the phase locked loop. 
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TIMING RECOVERY (Continued) 



NAME 


TYPE 


DESCRIPTION 


LF 




PHASE LOCKED LOOP FILTER - An external RC network which sets 
the PLL loop characteristics must be connected between this pin and 
analog ground. 


RVCO 




VCO RESISTOR - Connection for a resistor which sets the VCO center 
frequency, in conjunction with the capacitor between pins C1 and C2. 
The resistor must be connected between this pin and the VREF output. 


SYNC 





SYNC OUTPUT - TTL compatible digital clock whose falling edge 
indicates the presence of valid analog signals on the N and Q outputs. 
There is one SYNC cycle per servo frame. 


DATA 





DATA OUTPUT - Active low TTL compatible digital output that indicates 
the presence of a data pulse in the servo frame. This signal is updated 

nn thp fa II inn prlno nf thp *5VNf^ mitmit 


TW 




TIMING WINDOW - A resistor and capacitor must be connected in 
parallel between this pin and analog ground to set a timing window 
which is used in detecting SYNC pulses. 


THR 




PULSE THRESHOLD - A resistor which sets a threshold for SYNC and 
DATA pulse detection must be connected between this pin and VCC 
(digital 5 V supply). 


CLD 




LOCK DETECT CAPACITOR - The value of this capacitor determines 
how quickly the LOCK output responds (1000 pF). 


LOCK 


o 


LOCK OUTPUT - An open collector output that indicates the lock status 
of the PLL. 


POSITION INFORMATION 


NAME 


TYPE 


DESCRIPTION 


CAD 




AREA DETECTOR CAPACITOR - A capacitor, which forms an inte- 
grator to sense the pulse area of the servo position signals, must be 
connected between this point and analog ground. 


N 





N OUTPUT - This sampled analog signal is the normal position 
reference output. N is referenced to VREF and is periodic in radial 
displacement, with a period of 4 tracks. 


Q 





Q OUTPUT - This sampled analog signal is the quadrature position 
reference output. Q is referenced to VREF and is periodic in radial 
displacement, with a period of 4 tracks. It is 90 degrees out of phase with 
N. 
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ELECTRICAL SPECIFICATIONS 
ABSOLUTE MAXIMUM RATINGS 

(Maximum limits indicate where permanent device damage occurs. Continuous operation at these limits is 
not intended and should be limited to those conditions specified in the DC operating characteristics.) 



PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


VGC voltage 









8 


V 


VPA voltage 









16 


V 


Voltage on PLL inputs 




-0.5 




VCC+0.5 


V 


Voltage on other inputs 









14 


V 


Storage Temp. 




-45 




160 


°c 


Solder Temp. 


10 sec. duration 






260 


°c 



RECOMMENDED OPERATION CONDITIONS (Unless otherwise noted, the following conditions are valid 
throughout this document.) 



PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


VPA, analog supply 




10.8 


12 


13.2 


V 


Supply noise 


F<1 MHz 






0.1 


Vpp 


VCC, digital supply 




4.75 


5 


5.25 


V 


Ta, ambient temperature 









70 


°c 


VCO operating range 








12.8 


MHz 


Load resistance 


ToVREF 


10 






kQ. 


Load capacitance 








50 


PF 



DC CHARACTERISTICS 



PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


I PA, VPA current 








50 


mA 


ICC, VCC current 








60 


mA 


VOH, digital output high 


|IOH|<40 uA 


2.4 






V 


VOL, digital output low 


|IOL|<1.6mA 






0.5 


V 


IREF, VREF 

output current capacity 




10 






mA 


VREF output voltage 


|IREF|<10mA 


5.1 


5.4 


5.7 


V 
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ELECTRICAL SPECIFICATIONS (Continued) 
AC CHARACTERISTICS 



PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


VREF output impedance 


IOUT = 0-10mA 

1 jiF bypass to AGND 

Frequency<15MHz 






12 


Q 


N, Q outputs 


Output impedance 


F = 1 MHz 






100 


Q. 


Voltage per track 


Referenced to VREF 
23-400 mVpp differential 
AGCADJ open 


1.8 


2 


2.2 


V 


Offset voltage 








20 


mV 


Output noise 


10Hz<F<1kHz 




-55 




dBV 


Input amplifier 


Input resistance 




5 






kQ 


Input resistance mismatch 








1 


% 


Input capacitance 








20 


PF 


PSRR 


F<0.5MHz 


35 






dB 


AGC headroom 




2 






dB 


AGC bandwidth 


Open loop unity gain 
Cagc=0.04 u-F 
CPK=1500pF 


5 




15 


kHz 


Autozero pole 


Caz in |iF 




220/Caz 




Hz 


AGCADJ 


Open circuit voltage 




0.7 


0.76 


0.82 


V 


Gain 




-1.6 


-1.4 


-1.2 


V/V 


Volts per track adj range 




1.0 




2.6 


V 


Input impedance, Ragc 


Ta = 25°C 


4 


5.5 


7 


kQ 


Temp, coefficient 




2600 




ppm/°C 


SYNC detector 


Timing window 


Rw in Q, Cw in pF 


0.4(Rw Cw) + 43 • 10" 9 


s 


Valid pulse threshold 


Rth in kQ (% of full scale) 




0.37/Rth 




% 
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ELECTRICAL SPECIFICATIONS (Continued) 
AC CHARACTERISTICS (Continued) 



PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


LOCK Detector 


CLD up current 


RVCO = 11K±1% 


0.7 




3 


ma 


CLD down current 


RVCO = 11K±1% 


3 




10 


uA 


CLD lock margin 




0.5 




1.3 


V 


CLD unlock margin 




0.5 




1.3 


V 


CLD hysteresis 




75 




400 


mV 


Phase locked loop 


Capture range 


Centered on selected fNOM 


±5 






% 


VCO phase shift 


Missing DATA pulse 






0.005 


rad/frame 


VCO phase delay 


Relative to sync 
pulse zero crossing 






70 


ns 


VCO gain 


fvco in Hz 


10.47 fvco 


rad/s/V 


Phase detector gain 






32 




uA/rad 


TIMING CHARACTERISTICS 

(Digital output load capacitance Cl<15 pF, VCO frequency fvco <1 2.8 MHz, timing measurements for digital 
signals are measured at 1 .3V, unless otherwise noted.) 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


TDD, data delay 








30 


ns 


TW, sync pulse width 




40 






ns 


TSKW, SYNC to VCO skew 









40 


ns 


SYNC fall time 








20 


ns 


TADS, N or Q 
output settling time 








260 


ns 


TADH, N or Q 
output hold time 











ns 
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APPLICATIONS INFORMATION 

Atypical SSI 32H621 application is shown in Figure 2. 
The selection criteria for the external components 
shown are discussed below. 

INPUT AMPLIFIER 

The autozero circuit is effectively a high pass filter, 
whose pole frequency is given by: 
220 



AZ= 



-Hz 



Caz(mF) 

With a value of 10 u.F for Caz, the autozero circuit's 
corner frequency will be 22 Hz. This is sufficient for DC 
offset rejection and it will not interfere with the servo 
signal. 

The AGC response may be characterized in terms of 
the open loop unity gain bandwidth of its control loop. 
The nominal value for this loop is set by Cagc as fol- 
lows: 390 



f BW = 



-Hz 



Cagc(uF) 

For a nominal bandwidth of 10 kHz, Cagc should be 
0.039 |iF. With a 1% capacitor, the variation in actual 
bandwidth will be +/- 50% due to the tolerance of 
internal components. The AGC peak detector capaci- 
tor should always be set to 1 500 pF. This represents a 
reasonable tradeoff between leakage current toler- 
ance and storage aperture time. 

The pulse area detector storage capacitor must be 
chosen to keep the AGC circuit operating within its 
linear range. Its value is related to the VCO frequency 
as follows: ^ 

Cad = — — — pF, where fvco is the VCO freq. 
fvco(MHz) 

Larger values for CAD are required with lower VCO 
frequencies in order to maintain constant signal levels 
within the device, since the integration time is in- 
creased. 



K=2 



V AGCAPj( tV P> 

VCC ( min ) 



dv=- 



AV 



AGCADJGain (max ) 



m R AG C ( min > V AGCADj( min > 1 



dv 



R2 = -^-(R1) 
1-K v ' 



cycle from CMOS \ 

\iP (voltage swing / 
is 0V to Vcc) 



AGCADJ "AGC 



I 




FIGURE 3: AGCADJ Input 



for example if :AV = 0.4V, VCC = 5V± 5%, Ta = 0-70°C 
VREF = 5.4V±6% 

then: K = .318, dv = 0.26V, R1 = 20.4k, 

R2 = 9.5k 

The amplitude of N & Q signals can be adjusted using 
the AGCADJ input. If it is desired to adjust the N & Q 
amplitude by ± AV volts, the values of R1 and R2 can 
be calculated from K and dv as shown in figure 3. 



When R1 & R2 are calculated, a filter capacitor C is 
calculated from the replication rate of the uP duty cycle 
output. The parallel combination of R1, R2, Ragc 
minimizes the ripple of Vagc, and yet still provides 
sufficient response time to changes in duty cycle. 

SYNC DETECTOR 

Two sync detector parameters may be adjusted with 
external components. The first is the valid pulse thresh- 
old. The threshold is expressed as a percentage of a 
full scale pulse (since the sync detector follows the 
AGC and input amplitude variations are removed). The 
threshold is determined with resistor Rth as follows: 




Threshold = 



0.44 
R TH (kn) 



• 1 00(%) 



For example, a value of Rth = 1 .0 kQ sets the valid 
pulse threshold at 44% of full scale. This prevents false 
triggering on noisy signals, but does not unduly shorten 
the sync pulse. 

A timing window is used to detect sync pulses, since 
the sync and data pulses are more closely spaced than 
any other pulses in a valid servo signal. The delay from 
the zero crossing of the data pulse to the leading edge 
of the sync pulse is 1 .5 cycles of the VCO clock. The 
next most closely spaced pulses (which must be re- 
jected by the sync detect circuit) are separated by 3 
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APPLICATIONS INFORMATION (Continued) 



SYNC DETECTOR (Continued) 

VCO cycles. Thus the timing window should be set for 
2 cycles of the VCO clock, to allow reliable detection of 
the sync pulse while suppressing false syncs. The 
timing window is determined as follows: 

0.4(R W -C W ) + 43.10- 9 

The resistor Rw should always be set to 5.6 kQ, which 
means that for a 2 cycle window, Cw is given by: 



Cw = - 



900 



-19pF 



fvco(MHz) 

For a 12.8 MHz clock, Cw should be chosen as 51 pF. 
LOCK DETECTOR 

The LOCK detector behavior is controlled by the value 
of Cld. A value too small will be prone to unlock 
prematurely and give false warnings to the system. A 
typical value for Cld is 0.001 liF. 

PHASE LOCKED LOOP 

The VCO center frequency is determined by Rvco and 
Cvco. Rvco should always be set to 1 1 kQ ± 1 %. Cvco 
may then be chosen by: 

Cvco=-§32--10.6pF, 
fvco 

where fvco is the desired center frequency in MHz. 

Forfvco = 1 2.8 MHz, Cvco= 54 pF andforfvco = 4 MHz, 
Cvco = 200 pF. If 1% tolerance external components 
are used, the VCO absolute frequency accuracy will be 
15%. The VCO output frequency is related to the 
control voltage at the foop filter pin, Vlf, as follows: 

fo/fvco = 1 + 1 .667(Vlf - Vbpi) 

This means that the VCO gain, Ko, is given by: 

Ko » 2 • n • fvco(Hz) • 1 .667 rads/s/V 



The phase detector is a digitally controlled charge 
pump, which injects a current into the loop filter whose 
average value is proportional to the phase error. The 
detector gain, Kd, is fixed at 32 uA/rad. If a loop filter 
consisting of a series resistor and capacitor is used, as 
shown in Figure 2, the phase locked loop becomes a 
second order system with the following transfer 
function: 



phase error 



(si 



(s/con) 2 



input phase 1+2-C«s/con+(s/con) 2 



where: 



con ( natural freq. ) = Y((Kd*Ko/(32*C L i )) rad/s 
^(damping factor) = 0.5 • Rl • Cli • con 

As an example, the values for Cvco, Rl and Cl are 

fvco = 1 2.8 MHz, con / (2 • tc) = 4600Hz, C = 0.68 

Cvco = -^--10.6 = 54pF 
fvco 

K d K (32-10e-6)(10.47-f VC Q) 

U L1 = ~ 3" = ? = .2uJ- 



Rl = 



32 -con' 

2-z 

Cu*con 



32(2-7u-4600r 



470 Q 
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VREF-2 VREF VREF + 2 SERVO DEMODULATOR 




TIME OR ROTATION 
(ALONG TRACK N) 



TIME OR ROTATION 
(ALONG TRACK N + 1) 



TIME OR ROTATION 
(ALONG TRACK N + 2) 



TIME OR ROTATION 
(ALONG TRACK N + 3) 



RADIAL DISPLACEMENT (TRACKS) 



FIGURE 4: Pre-recorded Servo Signal and Servo 
Demodulator Output vs. Radial Displacement 
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FIGURE 5: Timing Diagram 
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VALID PULSE 
THRESHOLD 



ZERO 
CROSSING 



VALID PULSE 



DATA SYNC 



Rw, Cw TIMING WINDOW 



INTERNAL SYNC 
DETECTION 



Data output 



SYNC DETECT 
(DERIVED FROM 
VCO CLOCK) 



N, Q OUTPUTS 



_rL_rt_r. 



X7~ 



i 

n 



DATA SYNC 
(MISSING) 



i i 

n 



n 



- SERVO FRAME - 



FIGURE 6 : Sync and DATA Pulse Detection 



VCO CLOCK 



DATA PULSE - 



SYNC PULSE 



SUM (DATA + SYNC) 



27 28 29 30 31 




FIGURE 7 : Servo Writer Data-Sync Pulse Generation 
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FIGURE 8: Design Example for 400 kHz Frame Rate 



PWM from yP > — vwv 




SERVO 
DEMODULATOR 



FIGURE 9: Complete Example of Servo Path Electronics Using SSI 32H621 0/6220/6230 Chip Set 
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PACKAGE PIN DESIGNATIONS 

(Top View) 



VREF 
AGND 
CAZ [ 
AGCADJ 
IN+ 
IN- [ 
N/C [ 
CPK [ 
CAGC [ 
CAD [ 
N [ 

a<[ 

VPA [ 
VCC [ 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 



28 
27 
26 
25 
24 
23 
22 
21 
20 
19 
18 
17 
16 
15 



] THR 

] TW 

] LOCK 

] DATA 

] SYNC 

] CLD 

] RVCO 

] LF 

] BP2 

] BP1 

] C1 

] C2 

] DGND 

] VCO 



28-Pin DIP,SOL 



CAUTION: Use handling procedures necessary 
for a static sensitive component. 



Q 
< 



IN+ [ 
IN- [ 
N/C [ 
CPK [ 
CAGC [ 
CAD [ 
N [ 



O N Z UJ OC ^ O 
O < (D 0C X ^ O 
< O < > £ P J 



1 28 27 26 



12 13 14 15 16 17 18 



25 ] DATA 
24 ] SYNC 
23 ] CLD 
22 ] RVCO 
21 ] LF 
20 ] BP2 
19 ] BP1 



a < o o q w ^ 
£ o o z o o 

> > > 

a 



28-Pin PLCC 



ORDERING INFORMATION 



PART DESCRIPTION 


ORDER NO. 


PKG. MARK 


SSI32H6210 






28-Pin DIP 


32H6210-CP 


32H6210-CP 


28-Lead SOL 


32H6210-CL 


32H6210-CL 


28-LeadPLCC 


32H6210-CH 


32H6210-CH 



Preliminary Data: Indicates a product not completely released to production. The specifications are based on preliminary evaluations and 
are not guaranteed. Small quantities are available, and Silicon Systems should be consulted for current information. 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders. 



Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680 (714) 573-6000, FAX (714) 573-6914 



©1989 Silicon Systems, Inc. 
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A TDK Group /Company 



DESCRIPTION 

The SSI 32H6215 Servo Demodulator is a BiCMOS 
device intended for use in Winchester disk drives with 
dedicated surface head positioning systems. It proc- 
esses a di-bit quadrature pattern read from the servo 
surface by a preamplifier, such as the SSI 32H61 1 0, and 
generates normal and quadrature (N and Q) position 
reference signals. These signals provide the servo 
controller with position error feedback. A complete po- 
sition control system can be realized with the SSI 
32H6215 and its companion device, the SSI 32H4633 
Servo Controller and Servo Motor Pre-Driver. 

The SSI 32H6215 incorporates an input amplifier with 
automatic gain control and offset cancellation, a phase 
locked loop and sync separator to recover timing 
information, and pulse peak detectors to recover the 
position information. External components are used to 
set the operating characteristics of the SSI 32H6215, 
such as AGC response, VCO center frequency, PLL 
response and sync separator threshold. Its high per- 
formance analog/digital circuitry is capable of sup- 
porting servo frame rates of up to 500 kHz. 



Advance Information 



January 1993 

FEATURES 

• Servo signal demodulation for dedicated sur- 
face head positioning systems 

• Supports industry standard di-bit quadrature 
servo pattern with frame rates up to 500 kHz 

• N, Q outputs convey track crossing and posi- 
tion error information 

• PLL for timing recovery and synchronization 

• Adjustable sync separator threshold 

• AGC reference level adjustment 

• Precision bandgap voltage reference output 

• Advanced BiCMOS process dissipates less 
than 200 mW (5V) 

• Available in 32-lead TQFP package 
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SSI 32H6215 
Servo Demodulator 



FUNCTIONAL DESCRIPTION 

The SSI 32H6215 processes servo position 
information which is read from a dedicated surface by 
a pre-amplif ier. The servo information must conform to 
the 'di-bit quadrature' pattern. Servo frames, 
consisting of data and sync pulses followed by four 
information pulses (A, B, C, D) are prerecorded along 
each track of the servo surface. All the servo frames on 
an individual track are identical, but in the radial 
direction four different frame types are encountered, 
with every fourth track being identical. The N signal 
generated by the SSI 32H6215 is proportional to the 
difference in sizes of pulses A and B, while the Q signal 
is proportional to the difference between pulses C and 
D. When the read head is off track, the read signal is 
effectively a linear interpolation between the 
prerecorded information of two adjacent tracks, 
making it possible 'to sense the head displacement 
exactly. 

The SSI 32H6215 has a differential input amplifier 
which incorporates offset voltage cancellation and 
automatic gain control. An external read preamplifier 
must provide a differential input signal of 23 to 400 mV 
peak to peak from the servo read head. This signal is 
applied to a pulse detector whose output is proportional 
to the area under the input pulse. 

All internal analog signals are referenced to a 2.3V 
bandgap reference voltage. This level is available at 
the VREF output, which is capable of supplying 1 mA 
to the rest of the servo path electronics. 

In a standard servo frame, the data and sync pulses are 



more closely spaced than the information pulses (A-D) . 
This allows the sync detect circuit to recover the SYNC 
pulses. A threshold, which is defined as percentage of 
the peak signal at the output of the AGC amplifier, is set 
externally with Vthr. Pulses which exceed this thresh- 
old are defined as valid pulses. At the end of the 
positive going half of a valid pulse, a window, whose 
width is set by Rw and Cw, is opened. If a second valid 
pulse occurs within this window, it is recognized as a 
SYNC pulse. This pulse becomes the input signal to a 
phase locked loop whose VCO clock frequency is 32 
times the SYNC frequency (servo frame rate). The 
SYNC clock output, which marks the start of a new 
servo frame, is derived from the VCO output so that the 
clock continues to run when a data pulse is missing. 
Absolute positioning information such as track and 
guardband flags may be encoded on the servo surface 
by the omission of data pulses. 

The phase detector compares the detected sync 
pulses with the SYNC output. A current pulse propor- 
tional to the phase error is applied to an extern al loop 
filter network connected to the FLTR/FLTR pin, to 
generate the VCO control voltage. If improved power 
supply rejection is required, bypassing may be pro- 
vided at pins BP1 and BP2. The VCO center frequency 
is determined by the external component RR. 
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PIN DESCRIPTION 



NAME 


TYPE 


DESCRIPTION 


VPA 




Analog Supply: 5V power supply. 


VPD 


- 


Digital Supply: 5V power supply. 


BYP 


- 


AGC Bypass: AGC bypass capacitor. 


VOA 





AGC Output: AGC analog output 


VOA 





AGC Output: AGC analog output. 


DP 


o 


Differential Positive Input: Positive input of peak detect circuit. 


DN 





Differential Negative Input: Negative input of peakcdetect circuit. 


VNA 




Analog Ground. 


VND 


- 


Digital Ground. 


VTHR 


- 


Pulse Threshold: A resistor which sets a threshold for SYNC and DATA pulse 
detection must be connected between this pin and VCC (digital 5V supply). 


SVOPUL 





Servo Output Level. 


RCTW 


- 


RC Timing Window: A resistor and capacitor must be connected in parallel 
between this pin and analog ground to set a timing window which is used in 
detecting SYNC pulses. 


DATA 





Data Output: Active high TTL compatible digital output that indicates the 
presence oi a uaia puiS6 in ine servo Trame. i nis signal is upodico on ine 
falling edge of the sync pulses. 


I r 1 


\ir\ 
l/U 


i est roint i . 


TP2 


I/O 


Test Point 2. 


TSEL 


1 


Test Select. 


PWRON 


1 


Power On: Active low power on input. 


LOCK 





Lock Output: An open collector output that indicates the lock status of the PLL. 


SYNC 





Sync Output: TTL compatible digital clock whose falling edge indicates the 
presence of valid analog signal on the N and Q outputs. There is one SYNC 
cycle per servo frame. 


VCO 





VCO Output: TTL compatible digital clock which is 32 times the sync 
frequency (servo frame). 


FLTR 




Phase Lock Loop Filter: An external RC network which sets the PLL loop 
characteristics must be connected between this pin and analog ground. 


FLTR 




Phase Lock Loop Filter: An external RC network which sets the PLL loop 
characteristics must be connected between this pin and analog ground. 


VREF 


o 


Reference Voltage: All analog voltages are referenced to this voltage. 
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PIN DESCRIPTION (contiued) 



NAME 


TYPE 


DESCRIPTION 


N 





N Output: This sampled and held analog output is the normal position 
reference output. N is referenced to VREF and is periodic in radial displace- 
ment with a period of 4 tracks. 


Q 





Q Output: This sampled and held analog output is the quadrature position 
reference output. Q is referenced to VREF and is periodic in radial displace- 
ment with a period of 4 tracks. 



ELECTRICAL SPECIFICATIONS 
ABSOLUTE MAXIMUM RATINGS 

Operation beyond the maximum ratings may damage the device. 



PARAMETER 


RATING 


VCC voltage 


0to8V 


VPA voltage 


0to8V 


Voltage on PLL inputs 


-0.5 to VCC + 0.5V 


Voltage on other inputs 


to 8V 


Storage Temp. 


-45to160°C 


Solder Temp. 1 sec. duration 


260°C 



RECOMMENDED OPERATING CONDITIONS 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


VPA, analog voltage 




4.5 




5.5 


V 


Supply noise 








0.1 


Vpp 


VCC, digital supply 




4.5 




5.5 


V 


Ta, ambient temperature 









70 


°c 


VCO operating range 








16 


MHz 


Load resistance 




10 






kQ 


Load capacitance 








50 


PF 



DC CHARACTERISTICS 



IPA, VPA current 








30 


mA 


ICC, VCC current 








20 


mA 


Sleep current 


IPA + ICC 






0.5 


mA 


VOH, digital output high 




2.4 






V 


VOL, digital output low 








0.5 


V 


IREF, VREF output current capacity 




10 






mA 


VREF output voltage 










V 
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AGC AMPLIFIER 

Input signals are AC coupled to VIA/VIA, VOA/VOA outputs are AC coupled to DP/DN. A 1000 pF capaci- 
tor (CB YP) is connected from BYP to VCA. Unless otherwise specified outputs are measured differentially 
at VOA/VOA, FIN = 4 MHz. 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


Input Range 




25 




375 


mVpp 


DP-DN Voltage 


VIA-VIA"=:0.1Vpp 


0.9 




1.1 


Vpp 


DP-DN Voltage variation 


25mV < VIA-VIA"< 375mV 






8 


% 


Gain Range 




2.5 




40 


v/v 


Differential input impedance 




4.7 


6 


8.4 


kQ 


Single ended input impedance 






3.3 




kn 


Output offset voltage 


Gain = 22 


-200 




200 


mV 


Input noise voltage 


Gain = 22, VIA/VIA short 




10 




nV/^Hz 


CMRR 


Gain = 22, /c = 5MHz 


40 






dB 


PSRR 


Gain = 22, fc = 5MHz 


45 






dB 


Single ended output resistance 






150 






AGC CONTROL 

The input signals are AC coupled into DP/DN, CBYP = 1000 pF to VPA. 


Decay current 


Normal delay (ID) 




4 




uA 


Attack current 


Normal attack (ICH) 




0.18 




mA 


BYP Leakage current 




-10 




10 


nA 


VOLTAGE REFERENCE 


Voltage 




1.9 


2 


2.1 


V 


Output Impedance 








20 


Q 


Output current capability 




-0.5 




5 


mA 


N,Q OUTPUTS 


Output impedance 








250 


Q 


Volts per track 




0.9 


1 


1.1 


V/track 


Offset voltage 








20 


mV 
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ELECTRICAL SPECIFICATIONS (continued) 
VCO 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


VCO center frequency 


fc 




TBD 




TBD 


MHz 


Frequency dynamic range VCO 




±25 




±45 


% 


VCO control gain 


KVCO 




0.14 coi 




0.26 coi 


Rad/(V-3) 


Phase detector gain constant 


KD 




0.83 KD 




1.17KD 


A/rad 


KVCO x KD product accuracy 




-28 




28 


% 


VCO output frequency 


f VCO 








16 


MHz 


Precision external resistor 


RR 






12.5 




kQ 


VALID PULSE DETECTOR 


Input voltage range 


Vsd 


At, DP, DN 


0.9 


1 


1.1 


Vpp 


Threshold voltage 


Vthr 


Resistor divider from VPA to Vref 


Vref 






V 


Threshold input current 


Ithr 


DP, DN shorted, Vth r= Vref + 0.5V 






TBD 


uA 


Detector zero crossing 


Tdp 


Vsd=1 .1 Vpp Measured at SVOPUL TP. 






TBD 


nsec 


SYNC SEPARATOR 


Timing window 


Tw 


Rw(fl), Cw(F) 




0.92 RwCw 




Sec 


Window resistance 


Rw 




10 






kQ 


RCTW output low voltage 


Vol 








0.1 


V 
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PACKAGE PIN DESIGNATIONS 

(Top View) 



CAUTION: Use handling procedures necessary 
for a static sensitive component. 
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32-Lead TQFP 



Advance Information: Indicates a product still in the design cycle, and any specifications are based on design goals only. Do not use for 
final design. 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders. 



Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680 (714) 573-6000, FAX (714) 573-6914 
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DESCRIPTION 

The SSI 32H6230 Servo Motor Driver is a bipolar 
device intended for use in Winchester disk drive head 
positioning systems employing linear or rotary voice 
coil motors. When used in conjunction with a position 
controller, such as the SSI 32H6220 Servo Controllers, 
and a position reference, such as the SSI 32H6210 
Servo Demodulator, the device allows the construction 
of a high performance, dedicated surface head posi- 
tioning system. 

The SSI 32H6230 serves as a transconductance am- 
plifier by driving 4 MOSFETs in an H-bridge configura- 
tion, performs motor current sensing and limits motor 
current. In its linear tracking mode, class B operation is 
guaranteed by crossover protection circuitry, which 
ensures that only one MOSFET in each leg of the H- 
bridge is active. The MOSFET drivers are disabled 
when motor velocity or current exceed externally pro- 
grammable limits. In addition, automatic head retrac- 
tion and spindle braking may be initiated by a low 
voltage condition or upon external command. 

(Continued) 



SSI 32H6230 
Servo Motor Driver 



Preliminary Data 



December 1992 

FEATURES 

• Predriver for linear and rotary voice coll 
motors 

• Interfaces directly to MOSFET H-Bridge motor 
driver 

• Class B linear mode and constant velocity 
retract mode 

• FET disable function 

• Precision differential amplifier for motor 
current sensing 

• Clamp for motor current limiting 

• Automatic head retract and spindle braking 
signal on power failure 

• External digital enable 

• Servo loop parameters programmed with 
external components 

• Advanced bipolar IC requires under 240 mW 
from 12V supply 

• Available in 20-pin DIP or SO packaging 
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DESCRIPTION (Continued) 

The SSI 32H6230 is implemented in an advanced 
bipolar process and dissipates less than 240 mW from 
a 12V supply. The IC is available in 20-pin DIP and 
20-pin SO packaging. 

FUNCTIONAL DESCRIPTION 

(Refer to block diagram and typical application Fig.2) 

The SSI 32H6230 has two modes of operation, linear 
and retract. The retract mode is activated by a power 
supply failure or when the control signal EN is false. 
Otherwise the device operates in linear mode. 

During linear operation, an acceleration signal from the 
servo controller is applied through amplif ier A1 , whose 
three connections are all available externally. RC 
components may be used to provide loop compensa- 
tion at this stage. The ERR signal drives two precision 
amplifiers, each with a gain of 8.5. The first of these 
amplifiers is inverting, and is formed from opamp A4, 
an on-chip resistor divider and an off-chip complemen- 
tary MOSFET pair. The second is non-inverting, and is 
formed in a similar manner from opamp A5. Feedback 
from the MOSFET drains, on sense inputs SE1 and 
SE3, allows the amplifiers gains to be established 
precisely. The voice coil motor and a series current 
sense resistor are connected between SE1 and SE3. 

Crossover protection circuitry between the outputs of 
A4 and A5, and the external MOSFETs, ensures class 
B operation by allowing only one MOSFET in each leg 
of the H-bridge to be in conduction/The crossover 
separation threshold, illustrated in Figure 5, is the 
maximum drive on any MOSFET gate when the motor 
voltage changes sign. The crossover circuitry can also 
disable all MOSFETS simultaneously (to limit motor 
current or velocity) or apply a constant voltage across 
the motor (to retract the heads at a constant velocity). 



An adjustable voltage clamp is provided to prevent 
over current to the motor. It accomplishes the current 
limiting by clamping the voltage excursion at the input 
of A1 . The voltage clamp values are programmed by 
VREF and VLIM. VLIM is the lower cJamp value and the 
upper clamp limit is 2 • VREF - VLIM. 

Disable function will cause all 4 bridge FETs to turn off. 
Note that this function does not override the retract 
function. 

The SSI 32H6230 has low voltage monitor circuitry that 
will detect a loss of voltage on the VREF, VCC or 
LOWV pins. The power supply pin, VCC, should be 
connected to the disk drive's spindle motor so that its 
stored rotational energy may be used to hold up VCC 
briefly during a power failure. LOWV is used to detect 
a system power supply failure. When a low voltage 
condition is detected, the MOSFET drivers switch from 
linear operation to retract mode. In this mode a con- 
stant voltage is applied across the motor which will 
cause the heads to move at a constant speed. A 
mechanical stop must be provided for the heads when 
they reach a safe location. The current limiting circuitry 
will disable the MOSFET drivers when motor current 
increases due to loss of the velocity-induced back 
EMF. An open collector output, BRK, which is active 
while the device is in retract mode, is provided for 
spindle motor braking. An external RC delay may be 
used to defer braking until the heads are retracted. 

Two examples of an entire servo path implemented 
with the SSI 32H6230 and its companion devices, the 
SSI 32H567, 32H568, and the SSI 32H621 0, 32H6220 
are shown in Figure 7. 



Motor current is sensed by a small resistor placed in 
series with the motor. The voltage drop across this 
resistor is amplified by a differential amplifier with a 
gain of 4 (A2 and associated resistors), whose inputs 
are SE1 and SE2. The resulting voltage, SOUT, is 
proportional to motor current, and hence acceleration. 
This signal is externally fed back to A1 , so that the 
signal ERR represents the difference between the 
desired acceleration (from the servo controller) and the 
actual motor acceleration. 
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FIGURE 2: Typical Application 
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PIN DESCRIPTION 



POWER 



NAME 


PIN 


TYPE 


DESCRIPTION 


vcc 


20 




POSITIVE SUPPLY- 12V power supply. Usually taken from spindle motor 
supply. Spindle motor stored energy permits head retraction during power 
failure. If VCC falls below 9V, a forced head retraction occurs. 


LOWV 


19 


I 


LOW VOLTAGE - System 1 2V supply. If this input falls below 9V, a forced 
head retraction occurs. 


VREF 


4 


I 


REFERENCE VOLTAGE - 5.4V input. All analog signals are referenced 
to this voltage. If VREF falls below 4.3V, a forced head retraction occurs. 


GND 


10 




GROUND 



CONTROL 



NAME 


PIN 


TYPE 


DESCRIPTION 


ERR 


1 





POSITION ERROR- Loop compensation amplifier output. This signal is 
amplified by the MOSFET drivers and applied to the motor by an external 
MOSFET H-bridge, as follows: SE3-SE1 = 1 7(ERR-VREF) 


ERR- 


2 


I 


POSITION ERROR INVERTING INPUT - Inverting input to the loop 
compensation amplifier. 


ERR+ 


3 


I 


POSITION ERROR NON-INVERTING INPUT - Non-inverting input to the 
loop compensation amplifier. 


SOUT 


5 





MOTOR CURRENT SENSE OUTPUT - This output provides a voltage 
proportional to the voltage drop across the external current sense resistor, 
as follows: SOUT-VREF=4(SE2-SE1) 


DISABLE 


7 


I 


DISABLE INPUT - Active High TTL input will cause all 4 bridge FETs to 
turn off. DISABLE does not override the retract function. 


CLAMP 


6 


I 


CLAMP - A clamp pin to limit the input error voltage. The voltage swing 
at this pin is limited to VREF +- (VREF - VLIM). 


BRK 


8 





BRAKE OUTPUT - Active high, open collector output which may be used 
to enable an external spindle motor braking transistor upon power failure 
or deassertion of EN. 


VLIM 


11 


I 


VOLTAGE LIMIT -The voltage at this pin sets the upper and lower clamp 
voltage limits in conjunction with the voltage at VREF. 
Upper Clamp Limit = 2 • VREF - VLIM 
Lower Clamp Limit = VLIM. 


SE2 


14 


I 


MOTOR CURRENT SENSE INPUT - Non-inverting input to the current 
sense differential amplifier. It should be connected to one side of an 
external current sensing resistor in series with the motor. The inverting 
input of the differential amplifier is connected internally to SE1 . 


EN 


18 


I 


ENABLE - Active high TTL compatible input enables lineartracking mode. 
A low level will initiate a forced head retract. 
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FET DRIVE 



NAME 


PIN 


TYPE 


DESCRIPTION 


SE3 


9 


I 


MOTOR VOLTAGE SENSE INPUT - This input provides feedback to the 
non-inverting MOSFET driver amplifier. It is connected to one side of the 
motor. The gain to this point is: 

SE3-VREF = 8.5(ERR-VREF) 


OUTC 


12 





P-FET DRIVE (NON-INVERTING) - Drive signal for a P channel MOSFET 
connected between one side of the motor and VCC. This MOSFET drain 
is connected to SE3. 


OUTD 


13 





N-FET DRIVE (NON-INVERTING) - Drive signalfor an N channel MOSFET 
connected between one side of the motor and GND. This MOSFET drain 
is connected to SE3. Crossover protection circuitry ensures that the P and 
N channel devices driven by OUTC and OUTD are never enabled 

cimi lit an Am icl\/ 
on i iuiicii icuuoiy . 


SE1 


15 


I 


MOTOR VOLTAGE SENSE INPUT - This input provides feedback to the 
inverting MOSFET driver amplifier. It is connected to the current sensing 
resistor which is in series with the motor. The gain to this point is: 

SE1-VREF = -8.5(ERR-VREF) 

This input is internally connected to the current sense differential amplifier 
inverting input. 


OUTB 


16 





N-FET DRIVE (INVERTING) - Drive signal for an N channel MOSFET 
connected between the current sense resistor and GND. This MOSFET 
drain is also connected to SE1 . 


OUTA 


17 





P-FET DRIVE (INVERTING) - Drive signal for a P channel MOSFET 
connected between the current sense resistor and VCC. This MOSFET 
drain is also connected to SE1 . Crossover protection circuitry ensures that 
the P and N channel devices driven by OUTC and OUTD are never 
enabled simultaneously. 
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ELECTRICAL SPECIFICATIONS 
ABSOLUTE MAXIMUM RATINGS 

(Maximum limits indicates where permanent device damage occurs. Continuous operation at these limits 
is not intended and should be limited to those conditions specified in the DC operating characteristics.) 



PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


vcc 









16 


V 


VREF 









10 


V 


SE1,SE2,SE3, OUTD 




-1.5 




15 


V 


All other pins 




-.3 




VCC + .3 


V 


Storage temperature 




-45 




165 


°c 


Solder temperature 


10 sec duration 






260 


°c 


RECOMMENDED OPERATION CONDITIONS (Unless otherwise noted, the following conditions are valid 
throughout this document.) 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


VCC 


Normal Mode 


9 


12 


13.2 


V 


Retract Mode 


3.5V 




14 


V 


VREF 




5 




7 


V 


Operating temperature 









70 


°c 


DC CHARACTERISTICS 


ICC, VCC current 








20 


mA 


IREF, VREF current 








2 


mA 


A1 , LOOP COMPENSATION AMPLIFIER 


Input bias current 








500 


nA 


Input offset voltage 








3 


mV 


Voltage swing 


About VREF 


2 






V 


Common mode range 


About VREF 


±1 






V 


Load resistance 


To VREF 


4 






kQ 


Load capacitance 








100 


PF 


Gain 




80 






dB 


Unity gain bandwidth 




1 






MHz 


CMRR 


/ <20 kHz 


60 






dB 


PSRR 


/ <20 kHz 


60 






dB 
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A2, CURRENT SENSE AMPLIFIER 



n A O A IICTCD 

PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Input impedance 


SE1 to SE2 


3.5 


5 




kn 


Input offset voltage 








2 


mV 


Output voltage swing 




VREF-4 




VCC-1.2 


V 


Common mode range 









VCC-0.2 


V 


Load Resistance 


To VREF 


4 






kQ 


Load Capacitance 








100 


PF 


Output impedance 


/ < 40 kHz 






20 


Q 


Gain (SOUT-VREF)/(SE1-SE2) 


VSE2 = VREF 


3.9 


4 


4.1 


V/V 


Unity gain bandwidth 




1 






MHz 


CMRR 


/ < 20 kHz 


52 






dB 


PSRR 


/ < 20 kHz 


60 






dB 



VOLTAGE CLAMP 



PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


CLAMP bias current 


CLAMP = VREF 






0.1 


uA 


Upper CLAMP limit 
(VREF + 1/3 VREF) 


ICLAMP = 10uA 
VLIM open 




— VREF 
3 




V 


Lower CLAMP limit 
(VREF -1/3 VREF) 


ICLAMP = -10uA 
VLIM open 




-VREF 
3 




V 


CLAMP accuracy 


| ICLAMP| = 10uA 


-3 




3 


% 


CLAMP Impedance 


1.0mA>|ICLAMP|>10uA 






20 




VLIM Voltage 






2VREF 
3 




V 


VLIM Accuracy 




-1 




+1 


% 



POWER SUPPLY MONITOR 



PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


VCC fail threshold 




8.5 


9 


9.8 


V 


LOWVfail threshold 


|ILowv| < 0.5 mA 


8.5 


9 


9.8 


V 


VREF fail threshold 




3.9 


4.3 


4.8 


V 


Hysteresis (LOWV, VCC) 






250 




mV 


Hysteresis (VREF) 






110 




mV 


EN input low voltage 


|IIL| < 0.5 mA 


0.8 






V 
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POWER SUPPLY MONITOR (Continued) 



PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


EN input high voltage 


|IIH| < 40 uA 






2 


V 


BRK voltage 


normal mode, |IOL| < 1 mA 






0.4 


V 


BRK leakage current 


retract mode 






10 


ma 


BRK delay (from power fail or 
EN false to BRK floating) 








1 


ms 



MOSFET DRIVERS 



PAHAMLTcnl 


OUNUIIIUNb 


MIN 


Tun 

TYP 


MAX 


1 1 kl ITP 

UNITS 


SE3 Input impedance 


To VREF 


10 


25 




kQ 


OUTA, OUTC 

voltage swing |lo|<1 mA 




0.7 




VCC-1 


V 


OUTB, OUTD 

voltage swing |lo|<1 mA 




1 




VCC-1 


V 


VTH, 

Crossover separation threshold 








2 


V 


Slew rate 

(OUTA, OUTB, OUTC, OUTD) 


CklOOOpF 


1.4 






V/us 


Crossover time 


300 mV step at ERR 






,5 


us 


Output impedance (OUTA,B,C,D) 






50 




kQ 


Transconductance 
l(OUTA,B,C,D)/(ERR-VREF) 






8 




mA/V 


Gain (-(SE1 -VREF)/(ERR-VREF) 
or (SE3-VREF)/(ERR-VREF) ) 




8 


8.5 


9 


V/V 


Offset current 


Rs = 0.2ft, Rf = Rin, 
Vin=VREF 






20 


mA 


Retract motor voltage 
(SE1-SE3) 




0.7 


1 


1.3 


V 
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APPLICATIONS INFORMATION 

Atypical SSI 32H6230 application is shown in Figure 2. 
The selection criteria for the external components 
shown are discussed below. Figure 3 shows the 
equivalent circuit and equations for the DC motor used 
in the following derivations. While the nomenclature 
chosen is for a rotating motor, the results are equally 
applicable to linear motors. 

MOTOR CURRENT SENSE AND LIMITING 

The series resistor which senses motor current, Rs, is 
chosen to be small compared to the resistance of the 
motor, Rm. A value of Rs = 0.2Q is typical in disk drive 
applications. 

VLIM, RIN1, and RIN2 must be chosen to keep the 
motor current below Imax. The voltage clamp values 
programmed by VREF and VLIM must be chosen to 
cause limiting when the motor current reaches its 
maximum permissible current in amps, this value may 
be chosen as follows: 



|lmax| = 



CLAMP RF 



RIN2 4-Rs 



Where the upper clamp limit is 2 • VREF - VLI M and the 
lower clamp limit is VLIM. If VLIM is left open, a value 
of 0.667 • VREF will appear. The upper clamp limit is 
then 1 .33 • VREF and the lower clamp limit is 0.667 • 
VREF. The values of RIN1, RIN2 must be chosen to 
satisfy the maximum swing of Vin before limiting oc- 
curs, 

Vin( max) =CLAMP(l + gJJ)- VREF) + VREF 

and they should also satisfy the maximum current 
VCLAMP can source or sink 



Figure 4(b) , under the assumption that this pole and the 
pole due to the motor mechanical response are widely 
separated. Cl may then be chosen to set the desired 
open loop unity gain bandwidth. 



C L «. 



68- R s 



where BW is the 

2 • * • R F • ( R m + R s ) • B W unity gain open 

loop bandwidth 

p Uri 

L C L .(R m+ R s ) 

The closed loop response of the servo driver and motor 
combination, using the component values and simpli- 
fying assumptions given above, is given by: 



(s) 



Rf 



1 



Rin 4 - R s 



1 



(1 +. 



s 



-) 



2 • n • BW 




Where: Rin = RIN1 + RIN2 

(This analysis neglects the pole due to the output 
impedance of the MOSFET drivers and the MOSFET 
gate capacitance, an effect that may be significant in 
some systems.) 

RF is chosen to be sufficiently large to avoid overload- 
ing A2 (Rf > 4 kQ). The input resistor, Rin, sets the 
conversion factor from servo controller output voltage 
to servo motor current. Rin is chosen such that the 
servo controller internal voltages are scaled conven- 
iently. The resistor Ros is optional and cancels out the 
effect of the input bias current of A1 . 

Ros = Rin// Rf 

The external components Rd and Cd have no effect on 
the motor dynamics, but may be used to improve the 
stability of the MOSFET drivers. The load represented 
by the motor, ZM, is given by: 



Vin ( max ) [ Actual ] - CLAMP 
RIN1 



<1mA 



ZM=(R s +R m )(1+s 



LOOP COMPENSATION 

The transfer function of the SSI 32H6230 in the appli- 
cation of Figure 2 is shown in Figure 4(a) . If the zero due 
to Rl and Cl in the loop compensation circuit is chosen 
to cancel the pole due to the motor inductance, Lm, then 
the transfer function can be simplified as shown in 



R s +R, 



-)(1+- 



K 2 



S- J9-(Rs+Rm) 



-)(G) 



At frequencies above (Rs+Rm)/(2rc • Lm) Hz, this load 
becomes entirely inductive, which is undesireable. Rd 
and Cd may be used to add some parallel resistive 
loading at these frequencies. 
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H-BRIDGE MOSFETS 

The MOSFETs chosen for the H-bridge should have 
gate capacitances in the range of 500-1000 pF. The 
MOSFET input capacitance forms part of the compen- 
sation for the MOSFET drivers, so values below 500 pF 
may cause some driver instability. Excessive input 
capacitance will degrade the slew mode performance 
of the drivers. 

When the motor voltage is changing polarity, the cross- 
over protection circuits at outputs OUTA-OUTD ensure 
that the maximum MOSFET gate drive is less than 2V 
(the crossover separation threshold), as illustrated in 
Figure 5. The thresholds of the MOSFET devices 
chosen should be as large as possible to minimize 
conduction in this region. If the device thresholds are 
significantly less than the crossover separation 
threshold, the N and P channel devices in each leg of 
the H-bridge will conduct simultaneously, causing un- 
necessary power dissipation. 



POWER FAILURE OPERATION 

The power supply for the SSI 32H6230, VCC, should 
be taken from the system 1 2V supply through a schottky 
diode (maximum 0.5V drop at If = 3A) and connected 
to the disk drive spindle motor. If the system power 
fails, the IC will continue to operate as the spindle motor 
becomes a generator. The SSI 32H6230 will detect the 
power failure and cause a forced head retract, continu- 
ing to operate with VCC as low as 3.5V. The power fail 
mode will commence if either VCC or LOWV falls below 
9V, or VREF falls below 4.3V, or EN is false. Hysteresis 
on the low voltage thresholds prevents the device from 
oscillating between operating modes when the power 
supply is marginal. 

The BRK output, which is pulled low during normal 
operation, floats during a power failure. This allows an 
external transistor to be enabled for spindle motor 
braking. An external RC delay may be added to defer 
braking until head retraction is complete, since the 
spindle motor is required to generate the supply volt- 
age during retraction. 



(YYYYTl 



+ V F 




JOco 
K m 

j m 

CD 

JO 



Armature current (A) 

Motor speed (rad/s) 

Moment of inertia of 
rotor (Kg. M 2 ) 



K m Torque constant (Nm/A) 

K e Motor voltage constant (V/rad/s) 

e Back E.M.F. (V) 

L m Winding inductance (H) 

R m Winding resistance ( ft ) 



Nomenclature used is for rotary motor 



FIGURE 3: Equivalent Circuit for Fixed Field DC Motor 
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LOOP COMPENSATION 



WINDING IMPEDANCE 





,7(,+ SC L R L > 




) ► 


SE 3 -SE^ 



CURRENT SENSE 



4RsR L 



(Rm + Rs)(1+S- — ) 



MECHANICAL RESPONSE 



K m 2 
SJO 



FIGURE 4(A): Transfer Function of SSI 32H6230 in 
Typical Application with Fixed Field DC Motor 



V|N 



X R in 



MECHANICAL RESPONSE 



LOOP COMPENSATION 



1 + 



K m 2 



SJG (R s + R m ) 



17 



SC L (R S + R m ) 



CURRENT SENSE 



\ 



J9R 



m n m 



FIGURE 4(B): Simplified Transfer Function of 
SSI 32H6230 in DC Motor Application 
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FIGURE 5: Simplified Transfer Function of SSI 32H6230 
in DC Motor Application 




FIGURE 6: Typical Motor Driver Compensation 
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16 n 

MHz I — I 



PO.O 

80C51 



ALE 
A15 
RD 
WR 
INT 
V, 




SERVO 
DEMODULATOR 




D GND THR 

V N 
V CC 

Q 


IN + 


SYNC 


IN- 


VCO 
CLD 


CH 


CAZ 
CAGC 


C2 


CPK 


VPA 


CAD 
BP1 
BP2 


TW 


LF 


SSI 32H6210 




AGND 


RVCO 


VREF 



FIGURE 7: Complete Example of Servo Path Electronics Using the SSI 32H621 0/6220/6230 Chip Set 
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PACKAGE PIN DESIGNATIONS 

(Top View) 



CAUTION: Use handling procedures necessary 
for a static sensitive component 



ERR [ 




20 


] vcc 


ERR- [ 


2 


19 


] LOWV 


ERR + [ 


3 


18 


] EN 


VREF [ 


4 




] OUTA 


SOUT [ 


5 


16 


] OUTB 


CLAMP [ 


6 


15 


] SE1 


DISABLE [ 


7 


14 


] SE2 


BRK [ 


8 


13 


] OUTD 


SE3 [ 


9 


12 


] OUTC 


GND [ 


10 


11 


] VLIM 



20-Pin DIP, SO 



ORDERING INFORMATION 



PART DESCRIPTION 


ORDER NO. 


PKG. MARK 


SSI 32H6230, Servo Motor Driver 


20-Pin DIP 


32H6230-CP 


32H6230-CP 


20-Lead SOL 


32H6230-CL 


32H6230-CL 



Preliminary Data: Indicates a product not completely released to production. The specifications are based on preliminary evaluations and 
are not guaranteed. Small quantities are available, and Silicon Systems should be consulted for current information. 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders. 



Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680 (714) 573-6000, FAX (714) 573-6914 



©1989 Silicon Systems, Inc. 
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DESCRIPTION 

The SSI 32H6240 Servo Motor Driver is a bipolar 
device intended for use in Winchester disk drive head 
positioning systems employing linear or rotary voice 
coil motors. When used in conjunction with a position 
controller, such as the SSI 32H6220 Servo Control- 
lers, and a position reference, such as the SSI 32H567 
Servo Demodulator, the device allows the construction 
of a high performance, dedicated surface head posi- 
tioning system. 

The SSI 32H6240 serves as a transconductance 
amplifier by driving 4 bipolar power transistors in an H- 
bridge configuration and performs motor current 
sensing by using an on-chip differential amplifier. In its 
linear tracking mode, class B operation is guaranteed 
by crossover protection circuitry, which ensures that 
only one transistor in each leg of the H-bridge is active. 
Automatic head retraction and spindle braking may be 
initiated by a low voltage condition or upon external 
command. 

The SSI 32H6240 is implemented in an advanced 
bipolar process and dissipates less than (240 mW) 
from a 12V supply. The SSI 32H6240 is available in 
a 28-pin PLCC. 



Advance Information 



December 1992 

FEATURES 

• Predriver for linear and rotary voice coil 
motors 

• Interfaces directly to Bipolar H-Bridge motor 
driver 

• Class B linear mode and constant velocity 
retract mode 

• Power transistor disable function 

• Precision differential amplifier for motor 
current sensing 

• On-chip precision power fail detect 

• Automatic head retract and spindle braking 
signal on power failure 

• External digital enable 

• Servo loop parameters programmed with 
external components 

• Advanced bipolar IC requires under (240 mW) 
from 12V supply 

• Available in 28-pin PLCC packaging 

• +5V, +12V operation 



BLOCK DIAGRAM 



SOUT Q. 




A-COMP B-COMP C-COMP D-COMP 



PIN DIAGRAM 



i 



ERR+ [ 
VREF [ 
SOUT [ 
BRK [ 
DISABLE [ 
RETRACT [ 
PFAIL [ 



1 28 27 26 



12 13 14 15 16 17 18 



25 ] A-COMP 
24 ] OUTB 
23 ] B-COMP 
22 ] SE1 
21 ] SE2 
20 ] D-COMP 
19 ] OUTD 



to if) U) 



O 

6 
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CAUTION: Use handling procedures necessary 
for a static sensitive component. 
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FUNCTIONAL DESCRIPTION 

(Refer to block diagram and typical application Fig.2) 

There are three modes of operation of the SSI 32H6240: 
Disable, Retract, and Line ar. The circ uit mode is con- 
trolled by the DISABLE , RETRACT, PS1, and PS2 
pins. 

DISABLE mode turns off the output drivers. OUTA and 
OUTC are pulled to VCC through internal 1.5 kQ 
resistors. OUTB and OUTD are pulled to GND through 
internal 1 .5 k£2 resistors. Disable mode does not over- 
ride Retract mode. 

RETRACT mode turns off OUTB and OUTC. OUTD is 
turned on. OUTA is turned on in a special manner to 
force 1 V at SE1 . Retract mode does override Disable 
mode. 

POWER FAIL mode occurs when either PS1 or PS2 
fall below 1 .3V. Power fail overrides Retract and 
Disable inputs and forces the chip into RETRACT 
mode. 



Whenthe RETRACT pin is pulled lowthe SSI 32H6240 
will go into retract mode. The BRK pin will go high. 
When the DISABLE pin is pulled high it will cause all 4 
bridge power transistors to turn off. PFAIL and BRKwill 
remain low if PS1, PS2, and RETRACT pins do not 
change. 

During linear mode operation an acceleration signal 
from the servo controller is applied through amplifier 
A1 . Amplifier A1 's three connections are available for 
connection to external loop compensation compo- 
nents. The ERR signal drives two precision amplif iers, 
each with a gain of 8.5. The first of these amplifiers is 
inverting, and is formed from opamp A4, an on-chip 
resistor divider, and an off -chip complementary Bipolar 
Power Transistor pair. The second amplifier is non- 
inverting and is formed in a similar manner from opamp 
A5. Feedback from external transistor's collectors on 
sense inputs SE1 and SE3 allows the amplifier's gains 
to be precisely set. The voice coil motor and a series 
current sense resistor are connected between SE1 
and SE3. The output of the amplifiers will provide the 
base current for the external H-Bridge Bipolar Power 
Transistors. The chip is designed to work with external 
transistors with a minimum Beta of 40 and minimum fr 
of 40 MHz. The base bias resistors for the external 
bridge transistors are internal to the IC. 



Cross over protection circuitry between the outputs of 
A4 and A5 and the external power transistors ensure 
Class B operation by allowing only one transistor in 
each leg of the H-bridge to be in conduction. The 
crossover circuitry can also disable all Power Transis- 
tors simultaneously (to limit motor current or velocity) 
or apply a constant voltage across the motor (to retract 
the heads at a constant velocity.) 

Motor current is sensed by a small resistor placed in 
series with the motor. The voltage drop across this 
resistor is amplified by a differential amplifier with a 
gain of 2 (A2 and associated resistors), whose inputs 
areSEI andSE2. The resulting output voltage, SOUT, 
is proportional to motor current, and hence accelera- 
tion. This signal is externally fed back to A1 so that the 
signal ERR represents the difference between the 
desired acceleration (from the servo controller) and the 
actual motor acceleration. The total output offset 
current (Vin = Vref , Rsense = 0.5 Q) is less than 5.5 mA. 

The SSI 32H6240 has low voltage monitor circuitry that 
will detect a decrease in the voltage at PS1 and PS2 
pins. The +5V and +12V power supplies are divided 
down by external resistors and then compared to an 
internal 1 .25V ±5% reference. The power supply pin, 
VCC, should be connected to the disk drive's spindle 
motor so that its stored rotational energy may be used 
to hold up VCC briefly during a power failure. When a 
low voltage condition is detected on either the PS1 or 
PS2 pins the BIPOLAR drivers switch from linear 
operation to retract mode. In this mode a constant 
voltage is applied across the motor which will cause the 
heads to move at a constant speed. A mechanical stop 
must be provided for the heads when they reach a safe 
location. External current limiting circuitry is required 
for both the linear and retract modes of operation. An 
open collector output, PFAIL, which is low in the linear 
mode, will go high to indicate a p ower failure. This 
signal is gated with the RETRACT input signal to force 
the chip into the Retract mode during powerf ailure and 
to signal a BRK spindle. A BRK spindle is signaled by 
forcing a High level on the BRK open collector output 
which is normally low in the Linear mode. The BRK pin 
is provided for spindle motor braking. An external RC 
delay may be used to defer braking until the heads are 
retracted. 
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FIGURE 2: SSI 32H6240 Typical Application 
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PIN DESCRIPTION 



POWER 



NAME 


TYPE 


DESCRIPTION 


vcc 




POSITIVE SUPPLY - Usually taken from spindle motor supply. Spindle motor stored 
energy permits head retraction during power failure. If either a "Power Failure" or a 
"Retract" is asserted a forced head retraction occurs. Usually supplied through a 
power Schottky diode from Spindle Motor Supply. 


+5V 


I 


5-volt power supply 


VREF 


I 


REFERENCE VOLTAGE - 5.0V input. All analog signals are referenced to this input. 


GND 




GROUND 


CONTROL 


NAME 


TYPE 


DESCRIPTION 


ERR 





POSITION ERROR- Loop compensation amplifier output. This signal is amplified by 
the BIPOLAR drivers and applied to the motor by an external BIPOLAR H-bridge, as 

TO HOWS, obo-oh i = I / (trlH-Vnhr) 




i 


POSITION FRRHR INVFRTINfS INPI IT . Invert inn inmit tn the* Innn rnmnoncntinn 
ruoi i iujm czr\r\vy r\ iin ven i iinvj iiNru i iiivciuiiy input iu nit? luup ouiiifJC/MocUiUM 

amplifier. 


ERR+ 


1 


POSITION ERROR NON-INVERTING INPUT - Non-inverting input to the loop 
compensation amplifier. 


SOUT 





MOTOR CURRENT SENSE OUTPUT - This output provides a voltage proportional 
to the voltage drop across the external current sense resistor, as follows: SOUT- 
VREF=4(SE2-SE1) 


BRK 





BRAKE OUTPUT - Active high, open collector output which may be used to enable an 
external spindle motor braking transistor upon power failure. External resistor may be 
tiedto+5or+12V. 


DISABLE 


1 


DISABLE DRIVERS INPUT - Logic level input. An input high level will cause all 
4 bridge BIPOLAR Power Devices to turn off. DISABLE does not override retract. 


RETRACT 


1 


RETRACT INPUT- Logic level low will assert aforced head retraction. RETRACT will 
override DISABLE. RETRACT will continue to work at VCC=3.5V. 


PS1 


1 


POWER SENSE 1 - 1 2V sense input to power fail comparator. 


PS2 


1 


POWER SENSE 2 - 5V sense input to power fail comparator. 


PFAIL 





POWER FAIL-Powerfailindicatoropencollectoroutput. Floats if either supply goes 
below threshold. 


1.3V 





INTERNAL REFERENCE MONITOR - Used for testing purposes only. 


A-COMP 





AMPLIFIER A COMPENSATION - Compensation capacitor pin 


B-COMP 





AMPLIFIER B COMPENSATION - Compensation capacitor pin 


C-COMP 





AMPLIFIER C COMPENSATION - Compensation capacitor pin 


D-COMP 





AMPLIFER D COMPENSATION - Compensation capacitor pin 
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CONTROL (Continued) 



NAME 


TYPE 


DESCRIPTION 


SE2 


I 


MOTOR CURRENT SENSE INPUT - Non-inverting input to the current sense 
differential amplifier. It should be connected to one side of an external current sensing 
resistor in series with the motor. The inverting input of the differential amplifier is 
connected internally to SE1 . 


BIPOLAR DRIVE 


SE3 


I 


MOTOR VOLTAGE SENSE INPUT - This input provides feedback to the non-inverting 
BIPOLAR driver amplifier. It is connected to one side of the motor. The gain to this 
point is: SE3-VREF = 8.5 (ERR-VREF) 


SE1 


I 


MOTOR VOLTAGE SENSE INPUT - This input provides feedback to the inverting 
BIPOLAR driver amplifier. It is connected to the current sensing resistor which is in 
series with the motor. The gain to this point is: 
SE1 - VREF = -8.5 (ERR-VREF) 


OUTA 





PNP DRIVE (INVERTING) - Drive signal for a PNP power transistor connected 
between the current sense resistor and VCC. The PNP collector is also connected to 
SE1 . Crossover protection circuitry ensures that the PNP and NPN devices driven by 
OUTA and OUTB are never simultaneously enabled. 


OUTB 





NPN DRIVE (INVERTING) - Drive signal for an NPN power transistor connected 
between the current sense resistor and GND. This NPN collector is also connected 
to SE1. 


OUTC 





PNP DRIVE (NON-INVERTING) - Drive signal for a PNP power transistor connected 
between one side of the motor and VCC. This PNP collector is connected to SE3. 
Crossover protection circuitry ensures that the PNP and NPN devices driven by OUTC 
and OUTD are never simultaneously enabled. 


OUTD 





NPN DRIVE (NON-INVERTING) - Drive signal for an NPN power transistor connected 
between one side of the motor and GND. This NPN collector is connected to SE3. 
Crossover protection circuitry ensures that the PNP and NPN devices driven by OUTC 
and OUTD are never simultaneously enabled. 
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ELECTRICAL SPECIFICATIONS 
ABSOLUTE MAXIMUM RATINGS 

(Maximum limits indicates where permanent device damage occurs. Continuous operation at these limits 
is not intended and should be limited to those conditions specified in the DC operating characteristics.) 



PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


vcc 









16 


V 


VREF 









10 


V 


+5V 









7 


V 


SE1.SE2.SE3 




-1.5 




15 


V 


DISABLE, RETRACT 




-.3 




+5V + .3 


V 


All other pins 




-.3 




VCC + .3 


V 


Storage temperature 




-45 




165 


°c 


Solder temperature 


10 sec duration 






260 


°c 


RECOMMENDED OPERATION CONDITIONS (Unless otherwise noted, the following conditions are valid 
throughout this document.) 


VCC 


Normal Mode 


9 


12 


13.2 


V 


Retract Mode 


3.5V 




13.2 


V 


+5V 




4.5 


5 


5.5 


V 


VREF 




4.5 


5 


5.5 


V 


Operating temperature 









70 


°c 


DC CHARACTERISTICS 


ICC, VCC current 






13 


20 


mA 


I5V, +5V Current 






0.6 


1 


mA 


IREF, VREF current 






300 




MA 


A1, LOOP COMPENSATION AMPLIFIER 


Input bias current 








500 


nA 


Input offset voltage 








3 


mV 


Voltage swing 


About VREF 




2 




V 


Common mode range 


About VREF 


±1 






V 


Load resistance 


To VREF 


4 






kQ 


Gain 






80 




dB 


Unity gain bandwidth 






1 




MHz 


CMRR 


f<20 kHz 




60 




dB 


PSRR 


f <20 kHz 




60 




dB 



6-106 



SSI 32H6240 
Servo Motor Driver 



A2, CURRENT SENSE AMPLIFIER 



PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


IlipUl iflipcUaNUfc? 




7 fi 


in 




I/O 




SF1 - SF2 - VREF 

o i— i - ol c — v ntr 






2 


mV 


Output voltage swing 




VREF-4 




VCC-1.2 


V 


Common mode range 









VCC-0.2 


V 


Load Resistance 


ToVREF 


4 






kQ 


Output impedance 


f<40 kHz 






20 


a 


Gain (SOUT-VREF)/(SE1-SE2) 


VSE2 - VREF 


1.95 


2 


2.05 


MN 


Unity gain bandwidth 






1 




MHz 


CMRR 


f <20 kHz 




52 




dB 


PSRR 


f<20 kHz 




60 




dB 



POWER SUPPLY MONITOR 



1 .3V pin voltage 


1 .3V pin open 


1.18 


1.25 


1.31 


V 


PS1 threshold 






1.25 




V 


PS2 threshold 






1.25 




V 


PS1, PS2 Hysteresis 






20 




mV 


PS1, PS2 Input Bias Current 


PS1, PS2 = 1.3V 




1 




uA 


PFAIL VOL 


Linear mode IOC = 1 mA 






0.4 


V 


BRK VOL 


Linear mode IOC = 1 mA 






0.4 


V 


PFAIL IOH 


Retract mode VOH = 12V 






10 


uA 


BRK IOH 


Retract mode VOH = 12V 






10 


uA 


DISABLE IIL 


VIL = 0.8V 




2 


20 


uA 


RETRACT IIL 


VIL = 0.8V 




2 


10 


uA 


DISABLE IIH 


VIH = 2.4 




1 


10 


ma 


RETRACT IIH 


VIH = 2.4 




1 


10 


ma 


DISABLE and RETRACT 
Threshold Voltaqe 






1.4 




V 
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BIPOLAR DRIVERS 



PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


SE3 Input Impedance 


To VREF 


10 


25 




kQ. 


A Comp, C Comp Voltage Swing 


w/ External Trans. 


VCC- 1.4 




VCC - .7 


V 


B comp, D Comp Voltage Swing 


w/ External Trans. 


0.7 




1.4 


V 


Output Impedance 
A, B, C, D Comp 


Oujput Off, No External Trans. 




75 




kn 


Tra nsco nducta nee 

1 (A, B, C, D Comp)/(ERR-VREF) 






6 




mA/V 


Gain 

-(SE1-VREF)/(ERR-VREF) or 
(SE3-VREF)/(ERR-VREF) 


Includes External Trans. 


8 


8.5 


9 


V/V 


Offset Current 
(A2Vos) 


Rs = 0.5a Rf = Rin 
Vin = Vref 




3.5 




mA 


Retract Motor Voltage 
(SE1-SE3) 




0.7 


1.3 


1.7 


V 


Out B, Out D 
Source Current 


Vout = 0.8V 


20 






mA 


Out B, Out D 
Current Limit 


Vcc= 10.8V, Out B, D = 0.8V 
Vcc= 12.0V, Out B, D = 0.8V 


20 
23 


25 
27 


30 
33 


mA 
mA 


Out A, Out C 
Sink Current 


Vout = 11.2V 


20 






mA 


B and D Output 

NPN Output Transistor Beta 


lc = 20mA Vce = 10V 




20 




V/V 


A and C Output 

PNP Output Transistor Beta 


lc = 20mA Vce = 10V 




10 




V/V 
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PO.O 


80C51 


X1 






ADO-7 


XO 






ALE 




A1S 




RD 




WR 




int 


GND 


V CC 




SERVO 
DEMODULATOR 




D GND THR 

V N 
V CC 

Q 


IN + 


SYNC 


IN- 


VCO 
CLD 


C1 


CAZ 
CAGC 


C2 


CPK 


VPA 


CAD 
BP1 




BP2 


TW 


LF 


SSI 32H6210 




AGND 


RVCO 


VREF 



FIGURE 3: Complete Example of Servo Path Electronics using the SSI 32H621 0/6220/6240 Chip Set 
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PACKAGE PIN DESIGNATIONS 

(TOP VIEW) 



CAUTION: Use handling procedures necessary 
for a static sensitive component. 







i 

n 


CC 

oc 

UJ 

n 


cc 
cc 

UJ 

n 


OOA C 


> 

CO 

n 


i 

n 


vino D 












4 


3 


2 


1 


28 


27 


26 


\ 






ERR+ [ 


5 
















25 


] 


A-COMP 


VREF [ 


6 
















24 


] 


OUTB 


SOUT [ 


7 
















23 


] 


B-COMP 


BRK [ 


8 
















22 


3 


SE1 


DISABLE [ 


9 
















21 


] 


SE2 


RETRACT [ 


10 
















20 


1 


D-COMP 


PFAIL [ 


11 
















19 


] 


OUTD 






12 


13 


14 


15 


16 


17 


18 


) 










i_j 


izr 


TZJ 





i — i 


-r_j 


I I 












+5V 


PS1 


PS2 


GND 


SE3 


OUTC 


C-COMP 









28-Pin PLCC 



Advance Information: Indicates a product still in the design cycle, and any specifications are based on design goals only. Do not use for 
final design. 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders. 
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DESCRIPTION 

The SSI 32H651 is afully integrated power amplif ierf or 
use in disk drive head positioning systems employing 
linear or rotary voice coil motors. It is intended for use in 
5V systems and is capable of generating ±1 Amp motor 
currents. The part is internally thermal overload pro- 
tected. 

The SSI 32H6510 is a power transconductance ampli- 
fier for use in driving voice coil type servo motors 
(VCMs). The SSI 32H6510 has two primary modes of 
operation, normal (or linear) and retract. The retract 
mode is ac tivated by a power supply failure or when 
RETRACT is asserted. Otherwise the device operates 
in linear mode. 
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Preliminary Data 



December 1992 

FEATURES 

• 36-pin SO package 

• Internal 1 A power devices 

• NMOS output stage 

• Total on resistance less than 1 .3& at 500 mA 

• Thermal overload protection 

• No deadband, low distortion, class B output 

• Low power sleep mode 

• Gain select switch optimizes performance with 
8-bit DACs 

• Built in retract circuitry 

• Power fault detection 



BLOCK DIAGRAM 

VP VP VP 



PIN DIAGRAM 
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VREF [ 
VBEMF [ 
VBYP2 [ 
SWON [ 
GND [ 
VM1 [ 
N/C [ 
VP [ 
VM2 [ 
VP [ 
VP [ 
GND [ 
VP [ 
VP [ 
VBGAP [ 
IBR [ 
SYSRST [ 
RCRST [ 



36 ] SOUT 

35 ] SWIN 

34 ] ERRM 

33 ] GND 

32 ] SE1 

31 ] SE2 

30 ] ERR 

29 ] VRETRACT 

28 ] VBYP1 

27 ] VP 

26 ] VP 

25 ] THTEST 

24 ] VP 

23 ] VP 

22 ] VCTT 

21 ] RETRACT 

20 ] SLEEP 

19 ] TSTJ 



CAUTION: Use handling procedures necessary 
for a static sensitive component. 
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DESCRIPTION (continued) 

The SSI 32H651 consists of five major blocks: SOUT 
amplifier, ERR amplifier, retract amplifier, power ampli- 
fier, and control circuitry. These parts are each de- 
scribed in this section. External components needed 
for proper operation of the SSI 32H6510 are also 
described. 

SOUT AMPLIFIER 

This amplifier generates a voltage at SOUT that is 
proportional to positioner current. It does this by sens- 
ing the voltage across Rs, amplifying it, and referenc- 
ing the result to VREF. Since the common mode 
voltage on Rs can range over the full power supply, 
while the differential voltage is a few millivolts, the 
SOUT amplifier is designed to have very high input 
common mode rejection, and very low input offset. 

ERR AMPLIFIER 

The ERR amplifier is a high gain op amp. Due to the 
fixed gain of the power amp, ERR is proportional to the 
VCM voltage. The negative input of this amplifier is the 
system summing junction-currents proportional to the 
desired VCM current, the measured VCM current, and 
the VCM voltage are summed here. 



POWER AMPLIFIER 

The power amplifier is a fixed gain voltage amplifier 
with differential inputs and outputs. Its input is the 
differential voltage between ERR and VBGAP. Its 
output drives the VCM directly. 

RETRACT AMPLIFIER 



When a voltage fault is sensed, or when RETRACT is 
asserted, the SSI 32H651 enters retract mode. In this 
mode, it is assumed that no current is available from VP 
(VP may actually be at GND potential). Thus power for 
this mode comes from VBEMF, the rectified spindle 
back EMF voltage, and from VBYP1 , a voltage gener- 
ated from the external storage capacitor CBYP. The 
retract amplifier is powered by VBYP1 . It senses the 
voltage at VRETRACT and raises VM1 to be equal to 
VRETRACT. The drainofthe source followeris VBEMF. 

CONTROL CIRCUITRY 

The control circuitry consists of voltage monitoring 
circuitry, a thermal overload circuit, and control logic. 
The inp uts to the control circuitry are the external 
signals RETRACT, VCHK, and SLEEP, along with 
internal signal from the thermal overload detector (vis- 
ible externally on TSD) . Table 1 describes the behavior 
of the part in response to these inputs. 



TABLE 1 : IC Mode Selection 



INPUT 


CHIP FUNCTION 


SLEEP 




VCHK>VBGAP 


TSD 


BRIDGE 


RETRACT 




RETRACT 


SYSRST 


X 


X 








Off 


Off 





X 


X 





1 


Off 


On 





X 


X 


1 





Off 


Off 


1 


X 





1 


1 


Off 


On 


1 





1 


1 


1 


On 


Off 


1 


1 


1 


1 


1 


Off 


Off 


1 
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PIN DESCRIPTION 



NAME 


TYPE 


DESCRIPTION 


VP 


Power 


The positive power supply. The VP pins are thermally connected to the die and 
provide a low thermal resistance path to the circuit board. All VP pins should 
be shorted together. 


GND 


Power 


The negative power supply. All GND pins should be shorted together. 


oWUN 


Dig In 


Turns on the switch between ERRM and SWIN. 


SWIN 


An In 


One side of an analog switch connected to ERRM. 


SOUT 


An Out 


The current sense amplifier output. SOUT is referenced to VREF. 


ERR 


An Out 


The error amplifier output. ERR is used to provide compensation to the 
transconductance loop. ERR is referenced to VBGAP. 


ERRM 


An In 


The error amplifier negative input. 


VREF 


An In 


The reference voltage for the error amplifier and the current sense amplifier. 




Din In 


VVIIt/ll IvJW, lUllstsO Ct IClldOl. 


THTEST 


Dig In 


Test input. 


VCHK 


An In 


Comparator input for power supply monitoring. When VCHK is below VBGAP, 
an internal voltage fault is generated. 


VBGAP 


An Out 


An internal voltage reference for use with the power supply monitor comparator. 


IBR 


An Out 


A resistor is tied from this pin to ground to establish the bias current for internal 
circuitry. 


SLEEP 


Dig In 


Turns off the output drivers. Does not override the retract function when a 
voltage fault occurs. Powers down all but the voltage monitor and retract 
circuitry. 


TSD 


O/C Out 


Thermal Shut Down. When low, this open collector output indicates that the 
junction temperature has exceeded the recommended operating range and 

that thp nart ic in thermal Qhi itrlnwn 

11 IC*l 11 IC pdl l lO III lllt/IIIICll OlIUlVJUWII. 


RCRST 


O/C Out 


This pin serves the dual purpose of providing power-on-reset and stretching 
short VFAULT pulses to a width suitable for the host microcontroller. An 
external RC network sets the minimum width of any SYSRST pulse. 


SYSRST 


O/C Out 


When low, this open collector output indicates that an internal voltage fault has 
occurred. 


V RETRACT 


An In 


The retract voltage. Supplied externally by a diode reference. 


VBYP1 


An In 


The bypassed power supply. An external capacitor is connected to this node 
to store charge for use by the retract circuitry. 


VBYP2 


An In 


The other side of the bypass capacitor is connected here. 


VBEMF 


An In 


Rectified spindle back emf voltage. This input provides current to the internal 
retract power FET. 
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PIN DESCRIPTION (continued) 



NAME 


TYPE 


DESCRIPTION 


VM2 


An Out 


One side of the voice coil motor. 


VM1 


An Out 


The other side of the voice coil motor and sense resistor combination. 


SE1.SE2 


An In 


The sense voltages around the sense resistor. 



ELECTRICAL SPECIFICATIONS 
ABSOLUTE MAXIMUM RATINGS 

Operation of the part outside these limits may result in degradation or failure of the device. 



PARAMETER 


RATING 


UNITS 


Power Supply, VP 


7 


V 


Voltage on any pin 

VBEMF, VBYP1, VBYP2, SYSRST, RCRST 


-0.3 to 16 


V 


VM1 , VM2, SE1, SE2 


-0.3 to 12 


V 


All others 


-0.3 to VP+.3 


V 


Storage Temperature 


-45 to 165 


°c 


Solder Temperature (10 sec duration) 


260 


°c 


Output Current - l(VM1), l(VM2) 


2 


Amp 


Junction Temperature 


150 


°C 



RECOMMENDED OPERATING CONDITIONS 

The performance specifications for this part apply only when the operating environment is within this specified 
range. 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


Power Supply, VP 




4.75 




5.25 


V 


Junction Temperature 









125 


°C 


Output Current - l(VM1), l(VM2) 








1.0 


Amp 


VBEMF 




1.0 




14 


V 


VREF 




0.5 




VP-2 


V 


RF 




10 






kQ. 


RC 




10 






kCl 


RBIAS 




21.5 




22.5 


kQ 


VBYP1 - Retract Mode 




3 




14 


V 
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PERFORMANCE SPECIFICATIONS 



DESCRIPTION 


CONDITIONS 


MIN 


NOM 


MAX 


UNITS 


VP Supply Current: 












Normal operation, Imotor = 








15 


mA 


Sleep mode 








2 


mA 


SOUT gain 




3.9 




4.1 


V/V 


SOUT input offset (SOUT = VREF) 




-3 




3 


mV 


SOUT output swing 




0.15 




VP-1 


V 


ERRM input offset (ERR = ERRM) 




-10 




10 


mV 


ERR output swing 




1.6 




3.25 


V 


GAIN (VM1-VM2)/(ERR-VBGAP) 




11 




13 


VA/ 


VBGAP 




2.13 




2.37 


V 


VCHK offset 




-15 




15 


mV 


Retract offset 












VRETRACT = 0.5V 




-50 




50 


mV 


VRETRACT input impedance 




500 






kQ 


Output voltage drop: VP-|VM1-VM2| 












Imotor = ± 0.5A, Tj = 25°C 








0.65 


V 


Imotor = ±0.1 A, Tj = 25°C 








0.15 


V 


Thermal shutdown temperature 




120 




140 


°C 


Thermal shutdown hysteresis 




3 




7 


°C 


Crossover time 












Imotor = 10mA p 1000 Hz 








45 


us 


Crossover distortion 












Imotor = 1 0mA p 1 000 Hz 








2 


%THD 


Digital open collector output, sink current: 












SYSRST, RCJRST, TSD 












Vol « 0.4V 




1.6 






mA 


SWIN on resistance 








250 
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PACKAGE PIN DESIGNATIONS 

(Top View) 



VREF 


r 
L 






] SOUT 


VBEMF 


r 
L 






] SWIN 


VBYP2 


r 
L 


3 


34 


] ERRM 


SWON 


r 
L 






]GND 


GND 


r 
L 


5 


32 


J SE1 


VM1 


r 

L 


6 


31 


] SE2 


N/C 


r 
L 


7 


30 


] ERR 


VP 


r 
L 


8 


29 

32H6510 


] VRETRACT 




r 
L 






] VBYP1 


VP 


c 


10 


27 


] VP 


VP 


c 


11 


26 


] VP 


GND 


c 


12 


25 


] THTEST 


VP 


c 


13 


24 


] VP 


VP 


[ 


14 


23 


] VP 


VBGAP 


c 


15 


22 


] VCH 


IBR 


c 


16 


21 


] RETRACT 


SysrsT 


[ 


17 


20 


] SLEEP 


RCRST 


c 


18 


19 


] TSU 



36-Lead SOM 



Preliminary Data: Indicates a product not completely released to production. The specifications are based on preliminary evaluations and 
are not guaranteed. Small quantities are available, and Silicon Systems should be consulted for current information. 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 
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DESCRIPTION 

The 32H6520 Embedded Servo Controller is a CMOS 
monolithic integrated circuit housed in a 48-pin TQFP 
and operates on a single +5.0 volt supply. It provides 
one 10-bit A/D converter with 2.5 us conversion time, 
and two 10-bit D/A converters with 2.5 us digital delay 
as well as Motorola/Intel compatible bus interface 
(Motel) to commonly used microcontrollers such as 
80C196 and 68HC1 1 . In addition, it includes bus inter- 
face logic to support DSP-based, such as TMS320XX, 
digital servo applications. 



December 1992 

FEATURES 

Embedded Servo Burst Processor 

• Servo control for Winchester disk drives with 
embedded servo sectors 

• For use in uP/DSP-based digital servo 
applications 

• Pulse area detects and S/H circuits for up to 
four embedded servo bursts 

• Programmable gain adjustment from -2.8 dB to 

3.2 dB (continued) 
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FEATURES (continued) 

Data Acquisition and Microprocessor/DSP Bus 
Interface 

• Motel bus interface compatible with 80C196 
and68HC11 

• Bus interface logicto support DSP-based digital 
servo applications 

• Eight internal registers and address decoding 

• Two 10-bit D/A converters with 2.5 us digital 
delay 

• One 8-channel 1 0-bit A/D converter with 2.5 [is 
conversion time 

General Functions 

• Voltage fault detection 

• Low power CMOS design 

• 48-pin TQFP 

FUNCTIONAL DESCRIPTION 

The 32H6520 can be divided into four major sections: 
embedded servo burst processor, voltage fault detec- 
tor/logic, data acquisition and microprocessor/DSP 
bus interface. 

EMBEDDED SERVO BURST PROCESSOR 

The embedded servo burst processor extracts the head 
position error information from the embedded servo 
bursts using an area detection technique. The area 
detection technique provides improved noise immunity 
over peak detector. The embedded servo burst proces- 
sor contains a differential/gain amplifier, four pulse area 
detectors and required timing logic. First, a full wave- 
rectified analog signal from a read data channel, such 
as SSI 32P4620, is provided at SERIN through an 
external resistor equal to Rint and a DC reference level 
forthefull wave-rectified analog signal at SEREFthrough 
another external resistor equal to Rint. To accommo- 
date a wide dynamic range of servo burst amplitudes 
and process variations of the integration capacitor Cint, 
the differential signal between SERIN and SEREF is 
scaled under jllP control. The gain of the differential 
amplifier ranges from -2.8 dB to 3.2 dB in a step of 0.4 
dB, as defined in the SERVO GAIN CONTROL register. 
The output of the differential/gain amplifier is then 
provided to four pulse area detectors whose output are 

6- 



proportional to the area above the DC reference level 
during time intervals defined by an external timing 
source through INTEG. Each area detector applies an 
on-chip capacitor Cint equal to 10 pF to integrate the 
incoming pulses during the integration interval and then 
hold the integrated voltage outputs thereafter. Note that 
the max ±20% tolerance of on-chip capacitors can be 
calibrated out by adjusting the gain of the preceding 
amplifier. Finally, the integrated voltage outputs at 
BURST1, BURST2, BURST3 and BURST4 are pro- 
vided to a 1 0-bit A/D converter under nP control and will 
be discharged during a time interval defined by an 
external timing source through INTAZ. For proper 
operatons, the time interval defined by the INTAZ must 
be no less than 0.5 \xs and be applied only once per 
servo frame preceding the integration pulses def ined by 
the INTEG. 

Limited timing logic is included to generate all the timing 
signals required for the embedded servo burst proces- 
sor, per figure 1. These timing signals control the 
integration, sample/hold of the pulse area detectors. 
The number of embedded servo bursts supported by 
this circuit are two, three or four. The BSTSELO and 
BSTSEL1 bits in the SERVO CONTROL register con- 
figure the internal timing logic to generate a servo burst 
ready interrupt after the last servo burst is captured. 

VOLTAGE FAULT DETECTOR/LOGIC 

The voltage fault detector is to monitor the power supply 
applied at PSV through an external resistor divider, 
which defines the trigger level for power supply failure. 
An open-drain output VFAULT is pulled HIGH by an 
external resistor when a power supply failure is sensed 
by the PSV comparator. The user-defined trigger level 
for voltage failure is applied at PSV. Another open-drain 
output, opposite logic polarity as the pin VF AULT and 
with an addition al RC del ay, is provided at SYSRST. 
The amount of SYSRST delay i s determ ined by an 
external RC connected to the pin, RCRST. 

DATA ACQUISITION 

The A/D converter is multiplexed to eight different 
analog inputs by programming the ADC SELO, 
ADC SEL1 , and ADC SEL2 bits in the ADC ADDRESS 
register by the pP. The eight analog inputs multiplexed 
to the A/D converter are four embedded servo proces- 
sor outputs at BURST1, BURST2, BURST3 and 
BURST4 and four external analog inputs through four 
T/H amplifiers. These T/H amplifiers sample external 

18 



SSI 32H6520 
Embedded Servo Controller 



DATA ACQUISITION (continued) 

analog inputs during the time interval defined by an 
external timing source applied at ADCSH. If the sam- 
pling of four external analog inputs is not necessarily 
synchronized, ADCSH must be tied to HIGH. The A/D 
conversions on these external analog inputs are al- 
ways referenced to the internal voltage reference at 
2.23 volts. An operational amplifier with uncommitted 
inputs is provided to implement a level shifting function 
for the external analog input applied to AUXINP. The 
output of the operational amplifier is tied to ADCIN1 . 

The A/D converter starts to acquire a new analog input 
whenever the conversion is completed. A minimum of 
1 us is required to acquire an analog input to the A/D 
converter. Actual conversion is started by reading the 
A/D MSB register or by an external timing source 
applied to ADCSTR. The A/D address lines ADC SELO, 
ADC SEL1 , and ADC SEL2 will be incremented by one 
after the A/D conversion is started. The automatic 
increment of the address lines is employed to eliminate 
repetitive write operations by the uP to the ADC AD- 
DRESS register required for converting the consecu- 
tive analog inputs. 

The A/D converter runs synchronously with the internal 
4 MHz clock which is used for various circuits on the 
32H6520 and divided down from the system clock 
SYSCLK by a prescaler. Therefore there would be a 
maximum of 0.25 us of latency between a conversion 
request and the actual start of the conversion. The 
output is coded in 2's complement. 



Similarly, the D/A converters run synchronously with 
the internal 2 MHz clock and the conversion is started 
by writing to the corresponding D/A input register. The 
output of the first D/A converter is referenced to an 
external analog input, DACREF1 and the output of the 
second D/A converter is referenced to an external 
analog input, DACREF2. In the "normal" mode when 
STB EN 1 (STBEN2) bit in the ADC ADDRESS register 
is reset, the D/A output will be automatically applied to 
DACOUT1 (DACOUT2) during the conversion. In the 
"strobe" mode, the D/A output will be applied to 
DACOUT1 (DACOUT2) at the falling edge of RD for a 
read to the corresponding D/A MSB DATA register. 

MICROPROCESSOR/DSP BUS INTERFACE 

The 32H6520 is provided with Motorola/Intel compat- 
ible bus interface for a direct connection to popular 
microcontrollers such as 80C196 and 68HC1 1 . It also 
contains logic to interface with TMS320XX for DSP- 
based servo applications. Bus control signals ALE, RD, 
WR and BUSMODE are interpreted differently, as de- 
scribed in table 1 , based upon the type of processors 
being used. When the 32H6520 is interfaced with 
TMS320XX, the pin DSPMODE must be tied to HIGH 
and the pin BUSMODE is redefined as XFER/SEL. The 
pin BUSMODE must be tied to HIGH for an Intel bus 
interf ace and LOW for a Motorola bus interface. The 
ASE pin gates the ALE/ AS input and can be used to shut 
off the ALE/AS to minimize noise on the chip when the 
uP interface is not active. The CS pin performs a similar 
function on the rest of the uP bus inputs. The timing 
diagrams for different processors are depicted in Fig- 
ures 2, 3 and 4. 



TABLE 1 : Microprocessor/DSP Bus Interface 



32H6520 


Intel 


Motorola 


TMS320XX 


DSPMODE 


LOW 


LOW 


HIGH 


BUSMODE 


HIGH 


LOW 


XFER/SEL (PAO) 


CS 


CS 


CS 


CS(PA1) 


ALE 


ALE 


AS 


N/C 


RD 


RD 


DS;E; or 
Clock Phase 2 


REN 


WR 


WR 


R/W 


WE 
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REGISTER DESCRIPTIONS 

The 32H6520 contains eight 8-bit internal registers 
which provide control, option select and status monitor- 
ing. The registers are addressed with a 3-bit register 
address which is latched from inputs at ADO(LSB), 



AD1, and AD2(MSB) at the falling edge of ALE. The 
registers 0, 2, and 3 are read/write memory, and the 
registers 1 , 4, 5, 6, and 7 are write only memory. The 
registers are summarized in Table 2. 



TABLE 2: Register Descriptions 



ADDRESS 


TYPE 


REGISTER NAME 





R/W 


INTERRUPT MASK/STATUS 


1 


W 


SERVO GAIN CONTROL & PRESCALER 


2 


R/W 


ADC LSB DATA 


3 


R/W 


ADC ADDRESS & MSB DATA 


4 


W 


DAC1 LSB DATA 


5 


W 


DAC1 MSB DATA 


6 


W 


DAC2 LSB DATA 


7 


W 


DAC2 MSB DATA 



INTERRUPT MASK/STATUS REGISTER 



Address: 
Access: Read/Write 
Reset: Bit 0, 1 only 



Register contents when Written: 



BIT 


NAME 


DESCRIPTION 





BURST INT 


When set HIGH, interrupt is enabled on the embedded servo position bursts ready. 


1 


ADC INT 


When set HIGH, interrupt is enabled on the completion of the A/D conversion. 


2-7 




Unused. 


Register contents when Read: 


BIT 


NAME 


DESCRIPTION 





BURSTRDY 


Active high indicates that the embedded servo bursts are ready. 


1 


ADCRDY 


Active high indicates that the A/D conversion is completed. 



Each interrupt event status will be reset after the uP reads this register. The interrupt control register determines 
if the event will actually cause a latched assertion of the uP signal INT. 
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SERVO GAIN CONTROL & PRESCALER REGISTER 



Address: 1 
Access: Write 
Reset: 00 



BIT 


1 



NAME 

SCALEO 
SCALE1 



DESCRIPTION 

SYSCLK Prescaler. To accommodate different system clocks, the prescaler selects 
a proper divider to generate a fixed clock at 4 MHz per table below: 



SCALE1 


SCALEO 


SYSCLK(MHz) 


Divider 








16 


4 





1 


12 


3 


1 





8 


2 


1 


1 


4 


1 



GAINO 
GAIN1 
GAIN2 
GAIN3 



Servo Burst Amplitude Gain Select. These four bits define the gain setting for 
the differential/gain amplifier per table below: 



GAIN3 


GAIN4 


GAIN3 


GAINO 


Gain, dB 














-2.8 











1 


-2.4 








1 





-2.0 








1 


1 


-1.6 





1 








-1.2 





1 





1 


-0.8 





1 


1 





-0.4 





1 


1 


1 


+0.0 













+0.4 










1 


+0.8 







1 





+1.2 







1 


1 


+1.6 




1 








+2.0 




1 





1 


+2.4 




1 


1 





+2.8 




1 


1 


1 


+3.2 



BSTSEL0 
BSTSEL1 



Burst Number Select. These two bits define the number of embedded servo bursts 
per sector. 



BSTSEL1 


BSTSEL0 


# of Bursts 








2 





1 


3 


1 





4 
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ADC LSB DATA REGISTER 

Address: 2 
Access: Read/Write 
Reset: Bit 5, 6, 7 only 

Register contents when Written: 



BIT 


NAME 


DESCRIPTION 


0-4 




Unused. 


5 


SLEEP 


Power-down Mode Enable. When set HIGH, the device is in the sleep mode where 
all analog circuitry are de-biased, the clock is disabled, and the bandgap 
voltage, reference voltage fault logic and processor interface stay active. 


6 


STBEN1 


When set HIGH, the analog output of the DAC1 is transferred and held onto 
DACOUT1. 


7 


STBEN2 


When set HIGH, the analog output of the DAC2 is transferred and held onto 
DACOUT2. 


Register contents when Read: 


Description :After A/D conversion, the least significant 2 bits of the 1 0-bit digital word is stored into the register. 


0-5 




Unused. Logic LOW is provided to these bits. 


6,7 


ADCO, ADC1 


The LSB 2 bits of the A/D converter output in 2's complement format. 



ADC ADDRESS & MSB DATA REGISTER 

Address: 3 

Access: Read/Write 

Reset: Bits 0, 1 , 2, and 3 only 

Description: When Written, the least significant 3 bits of the register define the analog input to the 1 0-bit A/D 
converter. After conversion, the most significant 8 bits of the 10-bit digital word is stored into the register. 

Register contents when Written: 





1 

2 


ADC SELO 
ADC SEL1 
ADC SEL2 


A/D Converter Input Select . These 3 bits define the analog input to the A/D converter 
per table below: 






BIT2 


BIT1 


BITO 


ADC INPUT 















ADCIN1 












1 


ADCIN2 









1 





ADCIN3 









1 


1 


ADCIN4 






1 








BURST1 






1 





1 


BURST2 






1 


1 





BURST3 






1 


1 


1 


BURST4 
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ADC ADDRESS & MSB DATA REGISTER (continued) 



BIT 


NAME 


DESCRIPTION 


3 


ADC CALIB 


When set HIGH, VREF (2.23 volts) is applied to the AID converter input. 


4-7 




Unused. 


Register contents when Read: 


0-7 


ADC2 - 9 


The MSB 8 bits of the A/D converter output in 2's complement. ADC9 is the sign bit. 



DAC1 LSB DATA REGISTER 

Address: 4 
Access: Write 
Reset: 00 



0-5 




Unused. 


6,7 


DACO, 
DAC1 


The LSB 2 bits to the DAC1 in 2's complement. 




DAC1 MSB DATA REGISTER 

Address: 5 
Access: Write 
Reset: 00 



EE 



DAC2 - 9 



The MSB 8 bits to the DAC1 in 2's complement, DAC9 is the sign bit. 



DAC2 LSB DATA REGISTER 

Address: 6 
Access: Write 
Reset: 00 



0-5 




Unused. 


6 
7 


DACO, 
DAC1 


The LSB 2 bits to the DAC2 in 2's complement. 



DAC2 MSB DATA REGISTER 

Address: 7 
Access: Write 
Reset: 00 



0-7 



DAC2 - 9 



The MSB 8 bits to the DAC2 in 2's complement. DAC9 is the sign bit. 
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PIN DESCRIPTION 



POWER SUPPLIES 



NAME 


DESCRIPTION 


VPA 


Analog +5V supply. 


VPD 


Digital +5V supply. It must be shorted to analog +5V supply externally. 


VNA 


Analog ground. 


VND 


Digital ground. It must be shorted to analog ground externally. 


PSALT 


Alternate Voltage Supply to power the voltage fault logic during a voltage fault. This 
power supply should be taken from the system +5V supply through a Schottky diode and 
be connected to a capacitor, which is used to hold up PSALT briefly during a voltage fault. 



EMBEDDED SERVO BURST PROCESSOR 



NAME 


TYPE 


DESCRIPTION 


SERIN 


1 


Servo Burst Input - Full-wave rectified analog signal generated from a read 
data channel. This input is to extract the position information from 
embedded servo bursts. 


SEREF 


1 


Servo Burst Reference - A DC reference level for the full-wave rectified 
analog signal SERIN. 


INTEG 


1 


Pulse Area Detector Enable - This TTL compatible input, when HIGH, 
activates the pulse area detectors. 


INTAZ 


1 


Integrator Capacitor Reset - This TTL compatible input, when HIGH, 
discharges the holding capacitors, Cint. 


VOLTAGE FAULT DETECTION 


PSV 


1 


Fault Voltage Comparator Input - A voltage input for the low voltage 
comparator. This input should be connected to an external resistor divider. 
The resistor divider divides its corresponding supply voltage to a proper 
value which is comparable with the internal voltage reference at2.23 volts. 


VREF 





VREF Output - A buffered voltage reference at 2.23 volts. 


IBR 





Pin for connection to an external resistor (from GND) to establish a 
reference current for bias currents required for analog circuits. 


VFAULT 





Voltage Fault Indication - An open-drain output which is pulled HIGH when 
a supply voltage fault is detected. 


SYSRST 





Reset Output - An open-drain output which is pulled LOW with an amount 
of delay determined by an external RC connected to the pin RCRST when 
a supply voltage fault is detected. 


RCRST 





Pin for connection to an external RC to implement the 
delay of active LOW SYSRST. 
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MICROPROCESSOR/DSP BUS INTERFACE 



NAME 


tunc 
TYPfc 


nCCPDIDTlAM 

UbbOHIK 1 IUN 


ALE 


I 


Address Latch Enable - Falling edge latches the register address from the 
ADO - AD7 address/data bus. 


ASE 


I 


Address Strobe Enable - When set LOW, this input enables ALE input to 
the device. 


CS 


I 


Chip Select - Active LOW signal enables the device to respond to uP read 
or write. 


WR 


I 


Write Strobe - In Intel uP applications, active LOW signal causes the data 
on the address/data bus to be written to the addressed register if CS is also 
active. 


RD 


I 


Read Strobe - In Intel uP applications, active LOW signal causes the 
contents of the addressed register to be placed on the address/data bus 
if CS is also active. 


ADO - AD7 


I/O 


Address/Data Bus - 8-bit bus which carries register address information 
and bidirectional data. These pins are in the high impedance state when 
not u^pd 


BUSMODE 


I 


Mode Select - When active HIGH, Intel bus interface is selected. Other- 
wise, Motorola bus interface is selected. For DSP interface, when 
DSPMODE set HIGH, this input is redefined as XFER/SEL. 


INT 





Interrupt Strobe - An open-drain output which signals the uP to respond 
to the device. It is released when all pending interrupts have been serviced 
by the uP. 


DSPMODE 


I 


DSP Mode Select - When active HIGH, DSP bus interface is selected. 


SYSCLK 


I 


System Clock Input - A TTL compatible input for the system clock which 
is divided down with a prescaler to generate internal timing signals. 


DATA ACQUISITION 


DACOUT1 





DAC1 Output - A 1 0-bit D/A output which converts a digital word from the 
jiP into an analog signal. 


DACREF1 


I 


DAC1 Output Reference - An external analog input to be provided to 
DAC1 as a reference voltage for DACOUT1 . 


DACOUT2 





DAC2 Output - A 1 0-bit D/A output which converts a digital word from the 
uP into an analog signal. 


DACREF2 


I 


DAC2 Output Reference - An external analog input to be provided to 
DAC2 as a reference voltage for DACOUT2. 


ADCIN1 
ADCIN2 
ADCIN3 
ADCIN4 


I 


External A/D inputs. 


ADCSH 


I 


A/D Analog Sampling Input Strobe - A TTL compatible control signal. 
During active HIGH, four track/hold amplifiers prior to the A/D converter 
will sample external A/D analog inputs. 
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DATA ACQUISITION (continued) 



NAME 


TYPE 


DESCRIPTION 


ADCSTR 


1 


A/D Conversion Start Strobe - A TTL compatible control signal whose 
rising edge triggers the start of the A/D conversion. 


AUXINP 


1 


Level Shifter Noninverting Input - Noninverting input to the level-shifting 
amplifier. 


AUXINM 


1 


Level Shifter Inverting Input - Inverting input to the level-shifting amplifier. 



ELECTRICAL SPECIFICATIONS 
ABSOLUTE MAXIMUM RATINGS 

Exposure to absolute maximum rating conditions for extended periods may cause permanent damage to the 
device or affect device reliability. 



SYMBOL 


PARAMETER 


RATING 


VDD 


Supply voltage applied at VPA, VPD 


-0.3 to 7.0V 


GND 


Signal ground applied at VNA, VND 


0.0V 


PSALT 


Supply voltage applied at PSALT 


-0.3 to 7.0V 


VIND 


Digital input voltages 


-0.3 to VDD+0.3V 


VINA 


Analog input voltages 


-0.3 to VDD+0.3V 


Tstg 


Storage temperature 


-65 to 150 °C 


Tl 


Lead temperature (1 seconds) 


300 °C 



RECOMMENDED OPERATING CONDITIONS 

The recommended operating conditions forthe device are indicated in the table below. Performance specifications 
do not apply where the device is operating outside these limits. 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


VDD 


Supply voltage 
applied at VPA, VPD 




4.5 




5.25 


V 


GND 


Signal ground 
applied at VNA, VND 




0.0 




0.0 


V 


PSALT 


Supply voltage 
applied at PSALT 




3.0 




6.0 


V 


TA 


Ambient temperature 




0.0 




70.0 


°c 


Fc 


System clock 
(16MHz, Max) 








±0.1 


% 


Tc 


System clock duty 
cycle 




40 




60 


% 
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RECOMMENDED OPERATING CONDITIONS (continued) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


Cload 


Capacitive load on 
digital outputs 








100 


PF 


Rbias 


Bias resistor (22.6 kQ) 








±1 


% 



DC CHARACTERISTICS 

The following electrical specifications apply to the digital input and output signals over the recommended 
operating range unless otherwise noted. Positive current is defined as entering the device. Minimum and 
maximum are based upon the magnitude of the number. 



IDD 


Supply current 
Normal mode 
Sleep mode 


VDD = 5.25V 






25 
2 


mA 
mA 


Voh 


Output logic "1" voltage 


loh = -0.4mA, VDD = 4.5V 


2.4 






V 


Vol 


Output logic "0" voltage 


lol = 1.6mA, VDD = 4.5V 






0.4 


V 


Vih 


Input logic "1" voltage 


VDD = 4.5V 


2.0 






V 


Vil 


Input logic "0" voltage 


VDD = 4.5V 






0.8 


V 


lih 


Input logic "1" current 


Vih = 5.25V, VDD = 5.25V 






1 


MA 


HI 


Input logic "0" voltage 


Vil = 0.0, VDD = 5.25V 






-1 


ma 


Cin 


Input capacitance 








10 


PF 



FUNCTIONAL CHARACTERISTICS 
EMBEDDED SERVO BURST AMPLITUDE PROCESSOR 



SERIN with respect to GND 




1.0 




VDD 


V 


SEREF with respect to GND 




1.0 




3.0 


V 


SERIN input voltage 

swing with respect to SEREF 


Servo gain = -2.8 dB 


0.0 




1.5 


Vp 


Servo gain = dB 


0.0 




1.0 


Vp 


Servo burst frequency 




1.0 




5.0 


MHz 


Input impedance at 
SERIN, SEREF 
Cin = 2 pF nominal 


Servo gain = -2.8 dB 


15 


20 


25 


kQ 


Servo gain = dB 


18 


24 


30 


kQ 


Servo gain = 3.2 dB 


21 


28 


35 


kQ 


C jm integration time, t |NT 


Integrates to within 1% of 


1.0 






LIS 


C. nt discharge time, t DISCH 




0.5 






LIS 


Burst integration timing window 
separation, t NON 




0.5 






LIS 


Servo burst ready, t RDY 




0.1 






lis 
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EMBEDDED SERVO BURST AMPLITUDE PROCESSOR (continued) 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


Servo channel ouput when 
SERIN shorted with SEREF 


SEREF = 2V 
R jnt = 63kQ 


1.40 




1.75 


V 


Servo channel gain step size 


Guaranteed Monotonic 


1.0 


1.05 


1.1 


v/v 


Servo channel slope deviation 


SERIN from 0.2 V p to 0.8 V p 
R jnt = 63kO 






±6 


% 


VOLTAGE REFERENCE AND VOLTAGE FAULT CIRCUIT 


VPA voltage for SYSRST 
& RCRST in operation 




2 




5.25 


V 


On resistance at RCRST 








100 


Q 


RCRST input threshold 


PSALT » 3V 


0.8 




1.6 


V 


IBR voltage with respect to VREF 








±40 


mV 


VREF voltage 


No load 


2.16 


2.23 


2.30 


V 


Allowable load at VREF 




10 






k£2 






100 


PF 


PSV comparator offset 








±15 


mV 


A/D INPUT UNCOMMITTED OPERATIONAL AMPLIFIER 


AUXINP Input Voltage 


With respect to GND 


1.25 




2.5 


V 


Unit-gain bandwidth 




2 






MHz 


Input-referred D.C. offset 








±10 


mV 


Allowable load at ADC IN 




5.0 






kQ 






40 


PF 


DATA ACQUISITION 
A/D Converter 


ADCIN full-scale voltage 
with respect to VREF 






± (VREF/2) 




V 


Resolution 






10 




Bits 


Acquisition time 






1.0 




MS 


Conversion time 






2.5 




M.S 


LSB voltage 






VREF/ 
1024 




V 


Differential nonlinearity 


Guaranteed Monotonic 






±1.0 


LSB 
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D/A Converter 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


DAC full-scale voltage 
wiin respecx xo UAuntr 




- 


±(VREF/2) 


- 


V 


Resolution 






10 




Bits 


Digital delay 






2.5 




|IS 


Output settling time 


To within ±0.5 LSB 




5.0 




u.s 


LSB voltage 






VREF/ 
1024 




V 


Differential nonlinearity 


Guaranteed Monotonic 






±1.0 


LSB 


DACREF1 , DACREF2 




1.5 




2.3 


V 


DACOUT1 , DACOUT2 




0.3 




3.5 


V 



Intel Microprocessor Interface Timing 



The following timing specifications are applied when an Intel bus interface is selected by pulling the BUSMODE 
pin to logical HIGH and the DSPMODE pin to logical LOW. Timing measurements are made at 50% VDD with 
1 00 pF load capacitances for all pins, unless otherwise noted. 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


*ALPW 


Pulse width, ALE HIGH 




45 






ns 


»AS 


Muxed address valid time 
to ALE fall 




7.5 






ns 


*AH 


Muxed address hold 
time after ALE fall 




20 






ns 


*DDR 


Read data delay time from RD fall 








60 


ns 


*DHR 


Read data hold time after RD rise 









50 


ns 


l RDPW 


Pulse width, RD LOW 




75 






ns 


*dsw 


Write data setup time to WR rise 




40 






ns 


*DHW 


Write data hold time after WR rise 




10 






ns 


*WRPW 


Pulse width, WR LOW 




50 






ns 


*RWD 


RD or WR delay time from ALE fall 




25 






ns 


tCSS 


CS setup time prior to ALE fall 











ns 


tCSH 


CS hold time after RD or WR rise 











ns 


Uses 


ASE setup time prior to ALE fall 




45 






ns 


*ASEH 


ASE hold time to ALE fall 











ns 
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Motorola Microprocessor Interface Timing 



The following timing specifications are applied when a Motorola bus interface is selected by pulling the 
BUSMODE pin to logical LOW and the DSPMODE pin to logical LOW. Timing measurements are made at 50% 
VDD with 1 00 pF load capacitances for all pins, unless otherwise noted. 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


*ASPW 


Pulse width, AS HIGH 




45 




- 


ns 


<AS 


Muxed address valid 
time to AS fall 




7.5 






ns 


*AH 


Muxed address hold 
time after AS fall 




20 






ns 


*DDR 


Read data delay time 
from DS rise 








100 


ns 


*DHR 


Read data hold time 
after DS fall 









50 


ns 


*DSPWR 


Pulse width, DS HIGH 
during READ 




100 






ns 


l DSW 


Write data setup time 
prior to DS fall 




60 






ns 


l DHW 


Write data hold time 
after DS fall 




10 






ns 


tospww 


Pulse width, DS HIGH 
during WRITE 




100 






ns 


l ASDS 


DS delay time from 
AS fall 




25 




_ 


ns 


*ASRW 


R/W delay time from 
AS fall during WRITE 




25 






ns 


*RWH 


R/W hold time after 
DS fall during WRITE 











ns 


*CSS 


CS setup time prior 
to AS fall 











ns 


*CSH 


CS hold time after 
DSfall 











ns 


l ASES 


ASE setup time prior 
to AS fall 




45 






ns 


*ASEH 


ASE hold time 
after AS fall 











ns 
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DSP Interface Timing 



The following timing specifications are applied when a DSP bus interface is selected by pulling the DSPMODE 
pin to logical HIGH. Timing measurements are made at 50% VDD with 100 pF load capacitances for all pins, 
unless otherwise noted. 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


*ALPW 


Pulse width, 
XFER/SEL LOW 




75 






ns 


*ALHW 


XFER/SEL hold time 
after WR rise 









• 


ns 


*DDR 


Read data delay time 
from REN fall 








60 


ns 


*DHR 


Read data hold time 
after REN rise 









50 


ns 


*RDPW 


Pulse width 
REN LOW 




50 






ns 


*dsw 


Write data setup time 
prior to WR rise 




40 






ns 


*DHW 


Write data hold time 
after WR rise 




10 






ns 


*WRPW 


Pulse width, WR LOW 




50 






ns 


*cssw 


CS setup time 
prior to WR 




25 






ns 


*CSSR 


CS setup time prior 
to REN 




25 






ns 


*CSH 


CS hold time after 
REN orWR rise 











ns 
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BURST READY - 



FIGURE 1: Embedded Servo Burst Processor Timing Diagram 




FIGURE 2: Intel Microprocessor Bus Interface Timing Diagram 
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FIGURE 3: Motorola Microprocessor Bus Interface Timing Diagram 




FIGURE 4: TMS320XX Bus Interface Timing Diagram 
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0: INTERRUPT MASK/STATUS 


1: SERVO GAIN CONTROL 
& PRESCALER 


2: ADC LSB DATA 


3: ADC ADDRESS & MSB DATA 


# 


WRITE 


READ 


# 


WRITE 


READ 


# 


WRITE 


READ 


# 


WRITE 


READ 





BURST INT 


BURSTRDY 





SCALEO 









'0' 





ADC SELO 


ADC2 


1 


ADC INT 


ADCRDY 


1 


SCALE1 




1 




•0' 


1 


ADC SEL1 


ADC3 


2 






2 


GAINO 




2 




'0' 


2 


ADC SEL2 


ADC4 


3 






3 


GAIN1 




3 




'0' 


3 


ADC CALIB 


ADC5 


4 






4 


GAIN2 




4 




'0' 


4 




ADC6 


5 






5 


GAIN3 




5 


SLEEP 


•0' 


5 




ADC7 


6 






6 


BSTSELO 




6 


STBEN1 


ADCO 


6 




ADC8 


7 






7 


BSTSEL1 




7 


STBEN2 
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FIGURE 5: SSI 32H6520 Embedded Servo Processor Register Map 
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48-pin TQFP 



CAUTION: Use handling procedures necessary 
for a static sensitive component. 



ORDERING INFORMATION 



PART DESCRIPTION 


ORDER NUMBER 


PACKAGE MARK 


SSI 32H6520 48-pin TQFP 


32H6520-CGT 


32H6520-CGT 
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SSI 32H681 0/681 OA 
5V Servo & 
Motor Speed Drivers 



Advance Information 



January 1993 



FEATURES 



The 32H681 0/681 OA combines the head positioning 
and spindle motor electronics with internal power 
FETs. It also provides voltage fault logic and over- 
temperature protection. 

The positioner section serves as a transconductance 
amplifier by driving 4 internal FETs in an H-bridge 
configuration and performs motor current sensing. 
Class B operation is guaranteed by crossover protec- 
tion circuitry, which ensures that only one FET in each 
leg of the H-bridge is active. It also offers over-tem- 
perature protection by disabling the output FETs. In 
addition, automatic head retraction may be initiated by 
a low voltage condition or upon external command. 

(continued) 



48-lead TQFP package 

NMOS output stage, no blocking diode 
required 

Internal 1.0A power devices 

Total spindle on resistance less than 

2.5a- 32H6810 
1.7a: 32H6810A 

No deadband, low distortion, class B servo 
driver output 



Thermal overload protection 



(continued) 
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FEATURES (continued) 

• Buillt-in retract circuitry 

• Multiple Brake/Coast/Retract modes 

• Power fault detect & retract circuitry 

• Optimum commutation without external 
components or Hall sensors 

• Reduced DV/DT on commutation - no snubber 
networks required 

• Both Unipolar and Bipolar operating modes 
DESCRIPTION (continued) 

The (Spindle) Motor Commutator in conjunction with 
external components, provides the motor driving capa- 
bility for starting, accelerating, and rotational speed 
regulationforbrushless DC motors without the need for 
Hall sensors. Control is acc omplished v ia five pins 
(plus 2 optional pins INCOM & UNIPOLAR) and opera- 
tion is monitored via three pins (plus optional pin 
REVCLK). The speed regulation control loop is com- 
pleted with a microprocessor or signal processor exter- 
nal to the SSI 32H681 0/681 OA. 
Motor speed control may be accomplished by measur- 
ing the period of the output signal COMMU. Motor 
armature position is determined by monitoring the coil 
voltage of the winding that is not presently being driven 
by the drivers. The back-emf from the coil in conjunc- 
tion with the state of the output drivers, indicates 
armature position. 

The back emf is compared to a reference (CT) and 
initiates commutation "events" when the appropriate 
comparison is made. (Commutation is the sequential 
switching of drive current to the motor windings.) Be- 
cause the back-emf comparison event occurs prior to 
the time when optimum commutation should occur, it is 
preferred to delay commutation by a predetermined 
time after the comparison. The commutation delay is 
provided by circuitry which measures the interval be- 
tween comparison events and delays commutation by 
a time equal to 3/7 of the prior measured interval. The 
circuit is adaptive and will provide the optimum delay 
for a wide range of motor speeds (-80% to +50% of 
nominal). Since the commutation of motor coils typi- 
cally causes transients, the commutation delay circuit 
also provides a noise blanking function which prevents 
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response to back-emf comparison events for a period 
of time equal to 4/7 of the interval (between events) 
after the comparison event. The commutation states 
are given in Table 1 . 

Input pin VIN is the non-inverting input of a linear 
transconductance amplifier which uses the lower 
driver transistor that is presently active perthe commu- 
tation state as the power driver element. An external 
resistor Rsense is used to sense the current in the drive 
transistor source VSMN (and hence the motor coil 
current). The voltage across the sense resistor is 
amplified by a gain stage (Av = 5) and fed to the 
inverting input of the transconductance output stage. 
The output pins A, B, and C are intended to drive motor 
coils directly. The output drivers operate to reduce 
switching noise transients by limiting dv/dt during com- 
mutation. Each output consists of two n-channel 
MOSFET drivers, one for pull-up to VSMP and one 
for pull-down to VSMN. The pull-up looks like a switch 
(1.5 Q maximum) with voltage rise and fall times of 
about 25 microseconds. The pull-down transistor is 
part of the transconductance amplifier which converts 
VIN into motor current (Imotor = VIN/(Rsense • 5) ). 
When the pull-down output is commutating to the "off" 
state, dv/dt is controlled such that dv/dt is approxi- 
mately 1 .5E10/Rramp volts per second. 

Motor starting is accomplished by a com panion m icro- 
processor utilizing ADVANCE, SLEEP, BRAKE and 
COMMU . The microprocessor can control SLEEP and 
BRAKE to initialize the commutation counter and then 
increment the cou nter with ADVANCE. Reset with 
SLEEP = low and BRAKE = low then enable with 
BRAKE = high (power-up condition and preparation to 
begin a starting sequence), the commutation state will 
be state per Table 1, but lower driver output B 
remains inactive to prevent current flow through the 
motor (out of A which is "high"). On the first ADVANCE 
set high, commutation state 1 is selected and the 
drivers are per Table 1 . ADVANCE at logic high ex- 
cludes internal commutations. COMMU provides feed- 
back to the microprocessor on motor activity. 

Seven opera ting conditio ns are selected via BRAKE, 
SLEEP and RETRACT (when VPA is present) as 
indicated by Table 2. If VPA is not present (VCHK < 
VBGAP), power for the braking circuitry during retract 
and spin-down is provided by the charge stored on an 
external capacitor on pin VBYP1 , power for the retract 
circuitry is provided by the back emf voltage and the 
retract circuitry itself is driven by charge stored on the 
capacitor between VBYP1 and VBYP2. 
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Pull-Downs 




Pull-Ups 




STATE 


COMMU 


A 


B 


C 


A 


B 


C 


0, (Reset state) 





off 


on(1) 


off 


on 


off 


off 


1 


1 


off 


off 


on 


on 


off 


off 


2 





off 


off 


on 


off 


on 


off 


3 


1 


on 


off 


off 


off 


on 


off 


4 





on 


off 


off 


off 


off 


on 


5 


1 


off 


on 


off 


off 


off 


on 


(1) B is off in reset state, see text. 



TABLE 1 : Commutation States 



VCHK>VBGAP 


SLEEP 


BRAKE 


RETRACT 


CONDITION 


ANALOG 


POSITIONER 


A, B, C 





X 


1 


X 


Power Fault 


On 


Retract 


Float 





X 





X 


Power Fault 


On 


Retract 


Low Z 
to GND 




1 


1 


1 


Sleep 


Off 


Float 


Float 




1 





1 


Sleep/Brake 


Off 


Float 


Low Z 
to GND 




1 








Sleep/Retract 


Off 


Retract 


Low Z 
to GND 




1 


1 





Sleep/Retract 


Off 


Retract 


Float 










X 


Brake/Retract 


On 


Retract 


Low Z 
to GND 







1 





Retract 
(Spindle Run) 


On 


Retract 


Active 







1 


1 


Run 


On 


Active 


Active 


X 


X 


X 


X 


Thermal 
Shutdown 


On 


Float 


Float 



TABLE 2: Operating Mode Control 



N OTES: 

1 . BRAKE internally linked to force retract. 

2. Voltage fault circuit is never turned off. 

3. Counter is reset when sleep input is high. 

The circuit also provide s an ov er temperature detection function. If the die temperature exceeds 
135°C (approximately), OTSD is asserted low and all output drivers are turned off. The drivers will 
become operative after the temperature is reduced and ADVANCE is asserted high. 
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PIN DESCRIPTION 
POWER SUPPLIES 



NAME 


TYPE 


DESCRIPTION 


VPA 


I 


Supply: Analog positive power supply. 


VNA 


I 


Ground: Analog ground. 


VPD 


I 


Supply: Digital positive power supply. 


VND 


I 


Ground: Digital ground. VND is circuitry ground and also the low side input 
to the current SENSE amplifier and thus care should be taken to see that 
VND and the low side of the external Rsense resistor are at the same 
potential. 


VVMP 


I 


Supply: Positve supply for voice coil motor. 


VVMN1, VVMN2 


I 


Supply: Negative supply for voice coil motor. 


POSITIONER 


SWON 


I 


Turns on the switch between ERRM and SWIN. 


SWIN 


I 


Analog switch, the other side of the switch is connected to ERRM. 


SOUT 





The current sense amplifier output. SOUT is referenced to VREF. 


ERR 





The error amplifier output. ERR is used to provide compensation to the 
transconductance loop. ERR is referenced to VBGAP. 


ERRM 


I 


The error amplifier negative input. 


VREF 


I 


The reference voltage for the error amplifier and the current sense amplifier. 


VRETRACT 


I 


The retract voltage. If left open, the retract voltage will be the default setting. 
This value can be over-ridden by biasing VRETRACT externally. 


VM1 





Connection for voice coil motor and sense resistor. 


VM2 





Connection for the other side of voice coil motor. 


SE1.SE2 


I 


Sense voltage on the sense resistor. 


MOTOR SPEED CONTROL 


SYSCLK 


I 


System clock (input) pin. SYSCLK is 2.00 MHz nominal and is used to 
generate internal timing signals assuming a nominal 3600 RPM, 8-pole 
motor environment. 


COMMU 





Commutation count pin. COMMU is the LSB of the commutation counter. 


REVCLK 





REVCLK is COMMU divided by six. 


UNIPOLAR 


I 


Unipolar mode (inverse) select pin. This pin will turn all upper drivers off 
when low. Pulled high internally to provide the default bipolar mode. 



6-140 



SSI 32H681 0/681 OA 
5V Servo & 
Motor Speed Drivers 



MOTOR SPEED CONTROL (continued) 



MAMC 
vi Ml VIC 


TYPF 

1 I r C 


DF^PRIPTION 


ADVANCE 


1 


Advance pin. ADVANCE is controlled by microprocessor during start mode 
to increment the commutation counter. The rising edge of ADVANCE will 
increment the counter. ADVANCE held high will inhibit internal incrementing 
of the counter, ADVANCE held low permits the normal operation of commu- 
tation from back-emf events. 


INCOM 


1 


Commutation delay control pin. Adaptive commutation delay may be ad- 
justed from its nominal value of one half the commutation interval by 
inserting or withdrawing current ot this pin. This should only be done via an 
external control loop which can compensate for the range of internal circuit 
parameter variations. 


VIN 


1 


Control Voltage input pin. The internal driver transistors and internal 
predriver circuits form a transconductance amplifier which will set motor 
current in relation to VIN. In conjunction with Rsense at VSMN input and the 
gain of the Sense amplifier, transconductance (Gm) will be Gm = Im/VIN = 
1/ (Rsense • 5). 


A, B,C 





Motor Drive Outputs. These pins provide drive to the motor coils. 


CT 


1 


Back EM F input from motor coil center tap. I nput connected to the center tap 
Tor ocrioiiiy gyr ifc?r dit?u udOK, ciiit voiidyyb. u is diso ut?rivt?u iiutjii idiiy irorii m, 
B, C through a resistor network (y-connection) The circuit uses the back-emf 
voltages to determine rotor position and effect commutation. 


RRAMP 


1 


Lower driver turn-off dv/dt setting resistor. External resistor from VPDto this 
pin sets the dv/dt slope of the motor coil voltage when the lower drivers are 
commutating to the off state. The dv/dt is given approximately by the 
relationship dv/dt (volts/second) = 1.5 • 10E10/Rramp. Typical value: 
RRAMP = 200K. 


GAIN 


1 


Sense amplifier gain control pin. In normal operation, this pin is tied to high 
to set sense amplifier gain = 5. In low motor current operation, amplifier 
gain = 10 can be set by tying this input to low. 


VSMP 


1 


Supply: Positive supply for spindle motor. 


VSMN1, VSMN2 


1 


Supply: Negative for spindle motor. Current monitoring sense amplifier (high 
side) input pin and motor current returns to ground. All pins must be 
connected with low resistance circuit board traces. The lower driver 
transistor current (hence motor current) comes out of these pins to Rsense 
resistor to monitor motor current. During normal (at speed) operation, the 
circuit will control the voltage across this resistor (multiplied by the gain of 
5 in the sense amplifier) to match VIN. 






VVMP, VVMN, VSMP and VSMN conductors must be sized in accor- 
dance with anticipated motor current. The analog and digital supplies 
should be bypassed separately. VPA and VPD should be shorted 
externally, VNA and VND should be shorted externally. 
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PIN DESCRIPTION 



MISCELLANEOUS 



NAME 


TYPE 


DESCRIPTION 


VBYP1 


I 


The bypassed power supply. An external voltage for BRAKE and RETRACT 
circuitry. An external capacitor is attached to this pin and an internal circuit 
will charge this pin to VCC. The charge on this capacitor is used by the brake 
and retract function when VCC is removed (power-off). The capacitor must 
hold sufficient charge during the period when VCC is lost while retract is 
taking place (20 to 50 ms) so it will have enough voltage to drive the outputs 
during braking. Very little current is used during power-off braking so that C 
can be chosen from the retract conditions: 

C > Tretract • Ivbyp (float mode) / .5 volt 

or approximately: 

C> 500E-6 • Tretract 

This pin is normally a diode drop below VPA, rising by VBEM F during retract. 


VBYP2 


I 


The other side of the bypass capacitor connection. This pin is normally at 
VNA, rising to VBEMF during retract. 


VBEMF 


I 


Rectified spindle back emf voltage. This voltage drives the internal retract 
FET. 


SLEEP 


I 


Sleep pin. When asserted high, internal counters and registers are cleared. 
Refer to Table 2. Also forces an internal voltage fault which causes a head 
retract. Disables all output drivers, powers down all other circuitry except the 

ft\/o r.to mno rati iro anH v/nltano fault oir/^i litrv 
uvci -icii ipei ciiui t; «iiu vuiictyt; ictuii oiiouiuy. 


RETRACT 


I 


Retract (inverse) pin. When asserted low, forces a retract. Refer to Table 2. 


BRAKE 


I 


Brake (inverse) pin. BRAKE is used to provide a delay between the initiation 
of fault-induced head retract and motor braking. A capacitor to ground and 
a resistor to SYSRST are selected such that 1.2 • R • C is equal to the 
maximum time required for retract. Refer to Table 2. 


OTSD 





Over-Temperature Sense Detect. Excessive die temperature will bring this 
open drain output low. Spindle motor and positioner drivers are disabled 
whenever OTSD is asserted. 


VCHK 


I 


Comparator input for power supply monitoring. 


VBGAP 





An internal voltage reference for use with the power supply monitor com- 
parator. 


IBR 





A resistor is tied from this pin to ground to establish the bias current for 
internal circuitry. 


RCRST 


I/O 


This pin serves the dual purpose of providing power on reset and stretching 
short VFAULT pulses to a width suitable for the host microcontroller. An 
external RC network sets the minimum width of any SYSRST pulse. 


SYSRST 





When low, this open drain output indicates that an internal voltage fault has 
occured or that RCRST has been pulled low. 
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ELECTRICAL SPECIFICATIONS 
ABSOLUTE MAXIMUM RATINGS 

Operation above absolute maximum ratings may permanently damage the device. 



PARAMETER 


SYMBOL 


MIN 


MAX 


UNIT 


Supply Voltage 


VPA, VPD, 
VVMP, VSMP(1,2) 


-0.3 
-0.3 


7.0 
7.0 


V 
V 


Output Current 


I max (in or out of 
A, B, C, VM1.VM2) 


-1.0 


1.0 


Amp 


Analog I/O 


VIN, RRAMP, 


-0.3 


VPD + 0.3 


V 


Voltage on pins 


CT, A, B, C, VBEMF, 
VBYP1, VBYP2 


-0.3 


12.0 


V 


VM1, VM2, SE1, SE2 


-0.3 


7.0 


V 


All other pins 


-0.3 


VPD + 0.3 


V 


Storage Temperature 


Tstg 


-65 


150 


°C 


Lead Temperature 
(10 sec duration) 


Tlead 





300 


°C 


OPERATING CONDITIONS 


PARAMETER 


SYMBOL 


MIN 


MAX 


UNIT 


Supply Voltage 


VPA, VPD 
VVMP, VSMP 


4.5 
4.5 


5.5 
5.5 


V 
V 


Supply Current 


I (VPA + VPD) 




20 


mA 




I (VPA + VPD + 
VVMP + VSMP) 
Sleep mode 




20 


mA 


I VVMP 




0.4 


A 


IVSMP 




0.5 


A 


VBEMF 




1.0 


10.0 


V 


VREF 




0.5 


VPA-2 


V 


VIN 







2.5 


V 


Vin, VSMN1, VSMN2 * 


Normal operation 


0.0 


0.50 


V 


RF 




10 




kQ 


RC 




10 




kQ 


RBIAS 




112 


114 


kn 


Ambient Temperature 


Ta 





70 


°C 


Capacitive Load Digital I/O 


CI 





100 


PF 
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OPERATING CONDITIONS (continued) 



PARAMETER 


SYMBOL 


MIN 


MAX 


UNIT 


Analog Outputs 


CI 





50 


PF 


Resistive Load Analog Outputs 


Rl 


10 




kQ 


Power Dissipation 


Pd 




500 


mW 


* Transconductance gain from VIN to motor current (steady-state) will be given by: G = Imotor/VIN = 
1/(Rsense • 5) 



PARAMETRIC REQUIREMENTS 



Digital Input/Output 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


Fclk, SYSCLK 




1.5 




2.5 


MHz 


Twh, Twl, SYSCLK width high or low 




40 






ns 


Input Leakage (UNIPOLAR) 




-50 




10 


MA 


Input Leakage (all other pins) 








10 


uA 


Vil (BRAKE) 








1.2 


V 


Vih (BRAKE) 




2.0 






V 


Vil (all other digital inputs) 








0.8 


V 


Vih (all other digital inputs) 




2.0 






V 


Output Sink current 


Vo = 0.4V 


1.6 






mA 


RCRST, OTSD 












SYSRST 


Vo = 0.4 V 


4.0 






mA 


Digital Output COMMU, REVCLK 


Voh 


lout = -100 fiA 


2.4 






V 


Vol 


lout = 2.0 mA 






0.4 


V 


VIN 


Input Current 


< Vin < 2.5V 


-1 




+1 


uA 


Outputs A, B, C 


Total voltage drop 32H681 


Imotor = 200 mA, Vpd = 4.5V 






0.5 


V 


across power FETs 32H681 OA 


Imotor = 500 mA, Vpd = 4.5V 






0.85V 


V 
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CT, And A, B, C, When Not Driving 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


Rin 


-0.3V < Vin < 7V 


5K 


9K 




Q 


Cin @ CT 








20 


PF 


Cin @ A, B, C 








200 


PF 


VBYP1 


IVBYP1 (run) 


VDD = 4.5V 






100 


ma 


IVBYP1 (retract) 


VDD = 0.5V, VBYP1 = 3V 






20 


uA 


IVBYP1 (brake) 


VDD < 0.5V, VBYP1 = 3V 






10 


ma 


BEMF 


IBEMF 


VBEMF = 4V 






300 


uA 


IBEMF (retract) 


l(VM1) = l(VM2) = 0, 
I (VBYP2) = 






20 


uA 


SOUT 


Gain 




3.9 




4.1 


V/V 


Input Offset 


SOUT = VREF 


-3 




3 


mV 


Output Swing 


R L = 1 0ka to VREF 


0.15 




VP-1 


V 


ERR 


ERRM Input Offset 


ERR = ERRM 


-15 




15 


mV 


ERR Output Swing 




1.55 




VP -1 .25 


V 


POSITIONER 


(VM1 - VM2) / (ERR - VBGAP) 




11 




13 


V 


Crossover Time 


Imotor = 10 mA, PP @ 1 KHz, 
RL= 16&, Rsense = 0.5Q 




10 


25 


us 


Output Distortion 


Imotor = 100 mA, PP@ 100 Hz 
RL= 16ft, Rsense = 0.5a 






2 


%THD 


VBGAP 


Bandgap Voltage 


lout < ±0.2 mA 


2.13 




2.37 


V 


VCHK 


Offset 




-15 




15 


mV 
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OUTPUT VM1, VM2 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


Total voltage drop 
across power FETs 


I = 400 mA 






1.0 


V 


SWIN 


I On Resistance 








250 


a 


RETRACT 


VRETRACT 
Offset 


VRETRACT = 0.1V 
VBEMF >1V 
RL = 16Q 


-100 







mV 


Short Circuit Current 


VRETRACT = 0.5V 
VBEMF = 1V 
VBYP1 = 4.5V 
VM1 = VM2 


60 






mA 


VRETRACT = 0.5V 
VBEMF = 1.5V 
VBYP1 = 4.5V 
VM1 = VM2 


100 






mA 


OTSD (Thermal Shutdown) 


Die temperature 




125 




145 


°C 
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PACKAGE PIN DESIGNATIONS 

(Top View) 



CAUTION: Use handling procedures necessary 
ft for a static sensitive component. 
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VBYP2 
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VRETRACT 
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SE2 
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[2 
C 3 
C 4 
[ 5 
C 6 
[ 7 
C 8 
C 9 
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[11 



u_ rx 
uj cc 

fX UJ 



5 Z rx 

rx > eg 

rx ^ 

UJ 



i — ii — ii — ii — i 



48 47 46 45 44 43 42 41 40 39 38 37 
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] COMMU 
] GAIN 
] RRAMP 
] INCOM 
] VSMP2 
] c 

] VSMN2 
] B 

] VSMP1 
] A 

] VSMN1 
] VND 



H * z 

° d > 

> 




48-Lead TQFP 



Advance Information: Indicates a product still in the design cycle, and any specifications are based on design goals only. Do not use 
for final design. 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other 
rights of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. 
Silicon Systems reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to 
verify that the data sheet is current before placing orders. 
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DESCRIPTION 

The SSI 32H6811 Servo and MSC Drivers, a CMOS 
monolithic integrated circuit housed in a 64-lead TQFP 
package, operates from a single 5 V supply. It provides 
a fully integrated servo driver and a spindle motor 
commutator with internal power FETs. The servo 
driver is intended for use in disk drive head positioning 
systems employing linear or rotary voice coil motors. 
The commutator in conjunction with a microprocessor 
(uP) or digital signal processor (DSP), provides a 
complete spindle motor speed control system. It also 
includes two 10-bit D/A converters, with a serial 
interface to commonly used jiP or DSP, for 
commanding the servo positioner and the spindle 
motor respectively. The device is ideal for use in 5V 
small-form disk driver applications. 



Advance Information 



January 1993 

FEATURES 

• Internal 1.0A servo driver with no deadband, 
class- B output 

• Thermal overload protection 

• Power fault detection with built-in retract 
circuitry 

• 1 0-bit VCM D/A converter with 4 jis digital delay 

• Gain select switch for a wide dynamic range of 
servo inputs 

• Internal precision voltage reference 

• Programmable commutation delay for optimal 
motor efficiency 

• 10-bit MSC D/A converter with 4jis digital delay 

• Internal 1 .OA spindle driver 

• Switch-mode current limiting for spindle motor 
start-up 

• Serial interface compatible with 80C196 and 
68HC16 

• Low power CMOS design with sleep mode 

• 64-lead TQPF package 



PIN DIAGRAM 




E 8! 



nnnnnnnnnn 



VBGAP [ 
THTEST [ 
VPA [ 
VRETR [ 
VBEMF [ 
VVMN1 [ 
VM1 [ 
VVMP [ 
VM2 I 1 
VVMN2 [ 
N/C [ 



60 59 58 57 56 55 54 53 52 51 50 49 



32H681 1 
64-Lead 
TQFP 



20 21 22 23 24 25 26 27 28 29 30 31 32 " 



] COMMU 
] ADVANCE 



I0MMMMMM 



§ z a. w => J" 



M H ? > 9 r ' 



64-LEAD TQFP 



CAUTION: Use handling procedures necessary 
for a static sensitive component. 
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VIN 
SDATA 
SCLK 
SDEN 
ADVANCE 



COM/REV 04 



10-at 10 — 

MSC , 

DAC 



3^M 2^ N 



ADAPTIVE 
COMMU 
DELAY 



> VSMP1.2 

> RRAMP 



MSC 
OUTPUT 
DRIVERS 



COMMUTATOR 



VPA VNA VPD VND 



FIGURE 1: SSI 32H6811 Functional Block Diagram 
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FUNCTIONAL DESCRIPTION 

As shown in Figure 1 , the SSI 32H681 1 can be divided 
into four major sections: Servo positioner, Spindle 
motor commutator/driver, Control circuitry and Serial 
interface port. 

Servo Positioner 

The servo positioner is a power transconductance 
amplifier for use in driving a voice coil servo motor 
(VCM). It has two primary modes of operation, normal 
(or linear) and retract. The retra ct mode is activated by 
a po wer supp ly failure or when RETR is asserted low 
while BRAKE being high. Otherwise the device oper- 
ates in linear mode. The servo positioner consists of 
SOUT amplifier, ERR amplifier, retract amplifier, power 
amplifier and 1 0-bit VCM D/A converter. 

SOUT Ampiifier 

The SOUT amplifier generates a voltage at SOUT, 
proportional to positioner current, by sensing the volt- 
age across Rs, amplifying and referencing to ERREF. 
Since the common mode voltage on Rs can range over 
the full power supply, while the differential voltage is in 
the order of millivolts, the SOUT amplifier is realized 
with a high input common mode rejection and low input 
offset. 

ERR Amplifier 

The ERR amplifier is a high gain op amp. Due to the 
fixed gain of the power amp, ERR is proportional to the 
VCM voltage. The negative input of this amplifier is the 
system summing junction for the currents which are 
proportional to the desired VCM current, the measured 
VCM current, and the VCM voltage. 

Power Amplifier 

The power amplifier is a fixed gain voltage amplifierwith 
differential inputs and outputs. Its input is the differential 
voltage between ERR and VBG. Its output drives the 
VCM directly through an internal NMOS bridge. An 
internal charge pump generates gate voltages higher 
than VVMP so the upper NMOS devices can drive VM 1 
and VM2up to VVMP. 

Retract Amplifier 

When a voltage fau lt is sen sed, or when RETR is 
asserted low while BRAKE being high, the servo 
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positioner enters into retract mode. In this mode, it is 
assumed that no current is available for VVMP. Thus 
power for this mode comes from VBEMF, the rectified 
spindle back emf voltage, and from VBYP1 , a voltage 
generated from an external storage capacitor CBYP. 
The retract amplifier is powered by VBYP1 . It senses 
the voltage at VRETR and, through a power NMOS 
source follower, raises VM1 to VRETR. The drain of the 
source follower is VBEMF. 

VCM D/A Converter 

Switched-capacitor circuit technique is employed to 
implement the VCM D/A converter with two non-over- 
lapped clock phases, one phase for auto-zeroing and 
another one for evaluation. These two phases run 
synchronously with an internal 250 kHz clock, which is 
derived directly from the system clock at SYSCLK. 

The request of the VCM D/A converter is initiated by 
writing to the VCM D/A register (00) through the serial 
interface port. The input data word must be coded in 
two's complement form. Note that there would be a 
maximum of 2 usee of latency between a conversion 
request and the actual start of conversion. The conver- 
sion delay from the actual start of conversion to when 
the analog output begins to slew to a new value is 
2 usee. Therefore a maximum of 4 usee is required for 
a conversion in addition to the time needed for comple- 
tion of a serial data transfer, which is equal to 1 6/SCLK. 

The VCM D/A converter provided at PDAC is refer- 
enced to ERREF, which also serves as a reference 
voltage for the error amplifier and the current sense 
amplifier. 

Spindle Motor Commutator/Driver 

The spindle motor commutator in conjunction with ex- 
ternal components provides the motor driving capability 
for starting, accelerating and rotational speed regula- 
tion for brushless DC motors without the need for Hall 
sensors. The speed regulation control loop is com- 
pleted with a u.P or DSP external to this device. 

Commutator 

Motor speed control may be accomplished by measur- 
ing the period of the output signal at COM/REV. COM/ 
REV may be defined as either the LSB of the commu- 
tation counter (COMMU) or the revolution clock of the 
motor (REVCLK), selected via the bit COM/REV in the 
mode register (10). Motor armature position is deter- 
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mined by monitoring the coil voltage of the winding that 
is not presently being driven by the drivers. The back 
emf from the coil, in conjunction with the state of the 
output drivers, indicates the armature position. The 
back emf is compared with a reference CT and initiates 
commutation "events" when the appropriate compari- 
son is made. Commutation is the sequential switching 
of drive current to the motor windings. Because the back 
emf comparison event occurs prior to the time when 
optimum commutation should occur, it is preferred to 
delay commutation by a predetermined time after the 
comparison. The commutation delay is provided by a 
circuitry which measures the interval between compari- 
son events and delays commutation by a time equal to 
3/7 of the prior measured interval. The circuit is adaptive 
and will provide the optimum delay for a wide range of 
motor speeds (-80% to 50% of the nominal value). 
Since the commutation of motor coils typically causes 
transients, the commutation delay circuit also provides 
a noise blanking function which prevents the circuit from 
responding to back emf comparison events for a period 
of time equal to 4/7 of the interval between events after 
the comparison event. The commutation table is de- 
scribed in Table 1 . 

Transconductance Amplifier 

Input pin VIN is the non-inverting input of a 
transconductance amplifier which uses the lower driver 
transistor, that is presently active per the commutation 
state, as the power driver element. An external resistor 
is used to sense the current flowing through the drive 
transistor source (and hence the motor coil current). 
The voltage across the sense resistor is amplified by a 
gain stage (Av = 5, 10, 20 or 30 selected by the GAIN 
bits in the MODE register) and fed to the inverting input 
of the transconductance output stage. 

The 1 0-bit MSC D/A converter, referenced to VBG/2, is 
provided at SDAC for converting the commanding sig- 
nal in digital format into an analog voltage. Its operation 
is similar to the VCM D/A converter, but is initiated by 
writing to the MSC D/A register (01) in two's comple- 
ment form. 

Power Amplifier 

The output pins A, B and C are intended to drive motor 
coils directly. The output drivers operate to reduce 
switching noise transients by limiting dv/dt during com- 
mutation. Each output consists of two N-channel 
MOSFET drivers, one for pullup to VSMP1 or VSMP2 



and one for pulldown to VSMN1 or VSMN2. The pullup 
FET functions as a switch (1 .5Q maximum) with voltage 
rise and fall times of about 25 microseconds. The 
pulldown FET is a part of the transconductance ampli- 
fier which converts the voltage VIN into motor current 
(Imotor = VIN/(Rsense • Av), where Av is either 5, 1 0, 20 
or 30) . When the pulldown output is commutating to the 
off state, dv/dt on the respective pin is controlled such 
that dv/dt is approximately 1 5/RRAMP volts per micro- 
seconds, where RRAMP is measured in kohms. 

Motor Start-Up 

Motor starting is acco mplished by a c ompanion uP or 
DSP via ADVANC E, RET R, BRAKE a nd COM/REV. 
The uP can assert RETR and BRAKE low to initialize 
the commutation count er and t hen increme nt the counter 
with ADVANCE. After RETR and BRAKE are asserted 
low and de-asserted (the power-up condition for prepa- 
ration to begin a starting sequence), the commutation 
state will be state per TABLE 1 , but the lower driver 
output B remains inactive to prevent current flowing 
through the motor (out of A which is high). On the first 
ADVANCE set high, the commutation state 1 is se- 
lected and the drivers are per TABLE 1 . ADVANCE at 
logic high excludes internal commutations. COMMU 
provides feedback to the uP on motor activity. 

Switch-Mode Operation 

Switch-mode operation is provided for limiting the motor 
current during motor start-up. Two values M and N, 
loaded into the mode register (10) through the serial 
interface, determines the basic switching parameters 
for the operation. The M (3 bits) sets the minimum "on" 
time of the lower drivers and sample delay time. The N 
(2 bits) sets the switching period. The timing is given by : 

Minimum "on" time = (M+1) • 4 jus 

Sample delay time = M • 4 jis 

Switching period = (N+2) • (M+1) • 4 |is 

Hence, Minimum duty cycle = 1/(N+2) 

Sample delay time, defined as the time from turning the 
lower drivers "on" until switching transients have settled, 
is a function of the particular application and will be 
determined by the user. 

The value of M=0 is defined as linear mode, no switch- 
ing except normal commutation will occur. 
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For a proper switch-mode operation, three flyback 
diodes from outputs A, B, and C, and a blocking diode 
from the system power supply VCC to the VSMP1 and 
VSMP2 pins are required. The flyback diodes will pro- 
vide power for retract (during power failure) at pins 
VSMP1 and VSMP2. 

Control Circuitry 

The control circuitry consists of a power fault detector, 
a thermal overload circuit, and co ntrol log ic. T he inputs 
to the control circuitry are VCHK, RETR, and BRAKE, 
along with the internal signals from the thermal overload 
detector. The voltage fault detector monitors the system 
power supply VCC to prevent the VCM driver from 
responding to a false command during a power failure. 
The system power supply is applied at VCHK through 
an external resistor divider and compared with an 
internal voltage reference at VBG. 

Four op erating modes are selected via RETR and 
BRAKE (whe n the s yste m powe r supply is present) per 
Table 2. With RETR and BRAKE asserted low, the VCM 



drivers are in a high impedance state, the MSC driver 
outputs A, B, and C are low impedance to ground 
(without current limiting), and analog circuits are de- 
biased. This is the "sleep" mode. It also pr ovides dy- 
namic braking to the spindle motor. With RETR as- 
serted, BRAKE de-asserted, both VCM and MSC driv- 
ers are in a high impedance state, and the retract 
amplifier is activated and powered by the b ack emf of a 
spinning m otor fo r retracting heads. For BRAKE as- 
serted, and RETR de-asserted, the VCM drivers are in 
a high impedance state, the MSC driver outputs are low 
impedance to ground (without current limiting), and 
analog circ uits are biased. Normal mode is given for 
RETR and BRAKE de-asserted. 



When a power failure is sensed, the SYSRST is as- 
serted low and the retract mode is activated. If the die 
temperature exceeds approximately 135 °C, the OTSD 
is asserted low and all output drivers (both VCM and 
MSC) are turned off. The drivers will become operative 
after the temperature is reduced and the ADVANCE is 
asserted high. 




STATE 


COMMU 


Puliups 
A B 


C 


A 


Pulldowns 
B 


C 










OFF ON 


OFF 


ON 


OFF 


OFF 


1 




1 


OFF OFF 


ON 


ON 


OFF 


OFF 


2 







OFF OFF 


ON 


OFF 


ON 


OFF 


3 




1 


ON OFF 


OFF 


OFF 


ON 


OFF 


4 







ON OFF 


OFF 


OFF 


OFF 


ON 


5 




1 


OFF ON 


OFF 


OFF 


OFF 


ON 


TABLE 1 : Commutation States 


VCHK 


> 








VCM 


MSC 


OTSD 


VBG 


RETR 


BRAKE Mode 


Analog 


Counter 


Driver 


Driver 





X 


X 


x Shutdown 


ON 


Active 


Float 


Float 







X 


Fault/Break 


OFF 


Active 


Retract 


Low Z 







X 


1 Fault/Retract 


OFF 


Active 


Retract 


Float 




1 





Sleep 


OFF 


Reset 


Float 


Float 




1 





1 Retract 


ON 


Active 


Retract 


Float 




1 


1 


Brake 


ON 


Active 


Float 


Low Z 




1 


1 


1 Run 


ON 


Active 


Active 


Active 



TABLE 2: Mode of Operations 
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Serial Interface Port 

A synchronous serial port, compatible with the com- 
monly used \xP such as 80C196 and 68HC16, is used 
to input digital words for D/A converters and mode 
registers. It is shift register based I/O interface and 
consists of three pins SDEN, SCLK and SDATA. Data 
from uP is transferred 8 bits (one byte) at a time with the 
LSB first. A complete transfer requires two bytes which 
are formatted into an instruction and a data field. 

Data received through SDATA is clocked into an inter- 
nal 1 6-bit shift register at the rising edge of SCLK while 



SDEN is active high. At the end of each transfer, SDEN 
must return low. If SDEN remains high after the last bit 
(which is the MSB of the second byte) is received, any 
additional data on SDATA will be ignored. Data must be 
two bytes for each transfer. If, for any reasons, SDEN is 
brought low prior to the completion of the second byte, 
the write operation of the data will be aborted. 

The instruction field includes the first six bits of the first 
byte and is defined per the table below. The data field 
is 1 0-bit wide and includes the last two bits of the first 
byte and the second byte. 



BIT 


NAME 


DESCRIPTION 


(LSB) 


R/W 


Read/Write control. It must be '0' for this device since all of its registers are write 
only. 


1,2,3 


DIDO.. 2 


Device ID.These three bits define the SSI device for which the serial communica- 
tion is to be established. '111* is designated for this device. 


4, 5 


ADDR0..1 


Register address. These two bits define the internal register to which data is 
transferred. 






ADDR1 ADDRO 


Register 









VCM D/A 






1 


MSC D/A 






1 


Mode' 






1 1 


Reserved 


The mode register (10) is defined as: 





SWON 


Analog switch enable 


1,2 


GAINO, 1 


Sense amplifier gain select, default 0,0 

GAIN1 GAINO 


1 

1 
1 1 


Gain 
30 
20 
10 
5 


3 


UNIPOLAR 


Unipolar mode enable 


4 


NO 


LSB of N value - minimum duty cycle 


5 


N1 


MSB of N value 


6 


MO 


LSB of M value - sample delay time 


7 


Ml 


M value 


8 


M2 


MSB of M value. 


9 


COM/REV 


Select COMMU (=0) or REVCLK (=1) 
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PIN DESCRIPTION 



POWER SUPPLIES 



NAME 


TYPE 


DESCRIPTION 


\/PA 




Ann \r\rt r"v/"\ citi\/Q ci ir\r\l\/ 

Miiaiug positive ouppiy. 


VNA 




Analog ground. 


VPD 




Digital positive supply. It should be shorted externally with VPA. 


VND 




Digital ground. It should be shorted externally with VNA. VND is also the low 
side input to the current sense amplifier of the spindle motor and thus care 
should be taken to keep VND and the low side of the external resistor Rsense 
at the same potential. 


VVMP* 




Positive supply used for voice coil motor. 


VVMP1, 2 




Negative supply used for voice coil motor. 


VSMP1.2 




Positive supply used for spindle motor. 


VSMN1 , 2 




Negative supply used for spindle motor. They are also the high side inputs to 
the current sense amplifier of the spindle motor. 


* The circuit board contacts for VVMP, VVMN1 , VVMN2, VSMP1 , VSMP2, VSMN1 , and VSMN2 must be 
sized in accordance with anticipated motor currents. All pins must be connected with low resistance circuit 
board traces. 



SERVO POSITIONER 



SWIN 


I 


The analog switch input. The other side of the switch is connected to ERRM. 


ERRM 


I 


The inverting input of the error amplifier. 


ERREF 


I 


The reference voltage for the error amplifier, the VCM D/A converter and the 
current sense amplifier. 


ERR 





The error amplifier output. ERR is to provide compensation to the 
transconductance loop and is reference to VBG. 


SOUT 





The current sense amplifier output. SOUT is referenced to ERREF. 


VRETR 


I 


The retract voltage. If left open, the retract voltage will be the default setting. 
Otherwise, it can be over-ridden by biasing VRETR externally. 


VBYP1 


I 


The bypassed power supply. An external capacitor is connected to this node 
to store charge for use by the retract circuitry. This pin is normally a diode drop 
below VCC, rising by VBEMF during retract. 


VBYP2 


I 


The other side of the bypass capacitor is connected to this pin. It is normally 
at ground, rising to VBEMF during retract. 


VBEMF 


I 


Rectified spindle back emf voltage. This input provides current to the internal 
retract power amplifier. 
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SERVO POSITIONER (continued) 



NAME 


TYPE 


DESCRIPTION 


VM1 





One side of the voice coil motor. 


VM2 





The other side of the voice coil motor and sense resistor combination. 


SE1.SE2 


I 


The voltage across the sense resistor for the voice motor current. 


RETR 


I 


When asserted low, it forces a retract. Refer to Table 2. 


PDAC 





The 10-bit VCM D/A converter output. It is referenced to ERREF. 


SPINDLE MOTOR COMMUTATOR/DRIVER 


SYSCLK 


I 


System clock input. SYSCLK is internally divided by a divider to generate an 
internal clock at 2 MHz. 


COM/REV 





When the COM/REV bit in the mode regsiter is low, this pin is defined as the 
LSB of the commutation counter. Otherwise, it is defined as the revolution 
clock of the spindle motor. 


ADVANCE 


I 


ADVANCE is used to increment the commutation counter externally. The 

ri<sinri pHop nf ADVANCE F will inrrpmpnt thp rountpr hv 1 Whpn hpld hinh it 

i ion ly \ji f\ is v f\i ■ win ii lot w 1 1 ici ii ii ic v^VsUi iiwi y i . v v i ici i i ichj i iiui i, 11 

inhibits the counter from internal incrementing. When held low, it permits the 
normal operation of commutation from back emf events. 


INCOM 


I 


Commutation delay control. Adaptive commutation delay may be adjusted 
from its nominal value of one half the commutation interval by- sinking or 
sourcing current from this pin. This should be done via an external control loop 
which can compensate for the range of internal circuit parameter variations. 


SDAC 





The 10-bit MSC D/A converter output. It is referenced to VBG/2. 


VIN 


I 


Control voltage input. The combination of the MOSFET drivers and the 
predriver circuit forms a transconductance amplifier which sets the motor 
current in relation to VIN. In conjunction with Rsense connected at VSMN and 
the gain of the sense amplifier, the transconductance is defined by: 

Gm = Im/VIN = 1 /(Rsense • 4) 


A, B, C 





Spindle motor driver outputs. 


CT 


I 


Back emf input from spindle motor coil centertap. Internal circuit uses the back 
emf voltages to determine the rotor position and effect commutation. 


RRAMP 


I 


Lower driver turn-off dv/dt setting resistor. External resistor from VPAto this 
pin sets the dv/dt slope of the motor coil voltage when the lower drivers are 
commutating to the off state. The dv/dt is approximately given by the relation- 
ship: dv/dt=15/RRAMP, where dv/dt is expressed in volts/us and RRAMP 
in kQ. 


BRAKE 


I 


BRAKE is used to provide a delay between the initiation of fault-induced head 
retract and spindle motor braking. A capacitor to ground and a resistor to 
SYSRST are selected such that 1 .2RC is equal to the maximum time required 
for retract. 
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CONTROL CIRCUITRY 



NAME 


TYPE 


DESCRIPTION 


VCHK 


I 


Comparator input for power supply monitoring. When VCHK is below VBG, an 
internal voltage fault is generated. 


VBG 





Voltage reference, generated from the internal bandgap voltage, for use with 
the power supply monitor comparator. 


IBR 





A resistor is tied from this pin to ground to establish a bias current for internal 
circuitry. 


RCRST 


o/c 


This pin serves the dual purpose of providing power-on-reset and stretching 
short internal VFAULT pulses to a width suitable for the host micro controller. 
An external RC network sets the minimum width of any SYSRST pulse. If 
RCRST is pulled low by external circuitry, this device will enter into the retract 
mode and pull SYSRST low. 


SYSRST 


o/c 


When low, this open-collector output indicatesthat an internal voltage fault has 
occurred. 


OTSD 


o/c 


Thermal shut-down. When low, this open- collector output indicates that the 
junction temperature has exceeded the recommended operating range and 
the device is in thermal shut-down. In thermal shut-down, all output drivers are 
turned off and analog circuit de-biased. 


THTEST 


I 


Biased low with an internal pull-down. When asserted high, RETR will be 
connected to the thermal overload test circuitry for use as a test input. 


SERIAL INTERFACE PORT 


SDATA 


I 


Serial data input passing digital words for internal registers. 


SCLK 


I 


Serial data timing reference. The rising edge of the SCLK is to strobe SDATA 
while SDEN is asserted high. 


SDEN 


I 


Serial data transfer enable. When active high, the serial data transfer is 
enabled. 
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ELECTRICAL SPECIFICATIONS 
ABSOLUTE MAXIMUM RATINGS 

Exposure to absolute maximum rating conditions for extended periods may cause permanent damage to the 
device or affect device reliability. 



PARAMETER 


SYMBOL 


MIN 


NOM 


MAX 


UNIT 


Sunnlv voltanp (8) 

VPA, VPD, VVMP, VSMP1, VSMP2 


Vdd 


-0.3 




7.0 


v 


Motor current @ 
A, B, C, VM1, VM2 


I max 






±1.0 


A 


Input voltage @ 
VIN, RRAMP 


Vin 


-0.3 




VDD+0.3 


V 


Input voltage @ 












CT, A, B, C, VBEMF, VBYP1, VBYP2 




-0.3 




12.0 


V 


VM1, VM2, SE1.SE2 




-0.3 




7.0 


V 


Other pins 




-0.3 




Vdd 


V 


Storage temperature 


Tstg 


-65 




150 


°C 


Lead temperature 
(10 sec duration) 


Head 







300 


°C 



RECOMMENDED OPERATING CONDITIONS 

The recommended operating conditions for the device are indicated in the table below. Performance 
specifications do not apply when the device is operated outside the recommended conditions. 



PARAMETER 


SYMBOL 


MIN 


NOM 


MAX 


UNIT 


Supply voltage 


Vdd 


4.5 




5.5 


V 


Supply current 


VPA,VPD 


Idd 






25 


mA 


VVMP 


Ivmp 






0.4 


A 


VSMP 


Ismp 






0.5 


A 


Sleep mode 


Isleep 






1.0 


mA 


VBYP1 .braking 


Ibrk 






10 


MA 


VBYP1, retract 


I ret 






20 


uA 


Input voltage @ VBEMF 




1.0 




10 


V 


Input voltage @ ERREF 




VBG/2 


VBG 


VDD-2.0 


V 


Input voltage @ VIN 









2.5 


V 


Ambient temperature 


Ta 







70 


°C 


Capacitive load on digital outputs 


CI 






100 


PF 
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RECOMMENDED OPERATING CONDITIONS (continued) 



PARAMETER 


SYMBOL 


MIN 


NOM 


MAX 


UNIT 


Analog output load 


CI 






40 


PF 


Rl 


10 






kQ 


System clock fc = 8 MHz 


Frequency tolerance 


fc 






±0.1 


% 


Pulse width 


Twh, Twl 


40 






ns 


Biasing resistor Rbias = 22.6 kQ 


Rbias 






±5 


% 


External resistors 


Rf,Rc 


10 






kQ 


Power dissipation 


Pd 






500 


mW 


PERFORMANCE SPECIFICATIONS 
DIGITAL I/O 


PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


Digital input @ SDATA, SCLK, SDEN, ADVANCE, SYSCLK, RETR 


Vil 




0.8 






V 


Vih 








2.0 


V 


HI, lih 








±10 


uA 


Digital input @ BRAKE 


Vil 




1.2 






V 


Vih 








2.0 


V 


HI, lih 








±10 


ma 


Digital O/C output @ RCRST, SYSRST, OTSD 


loh 


Voh = Vdd 






10 


uA 


lol 


Vol = 0.4 


4 






mA 


Digital Output @ COM/REV 


Vol 


lol = 2.0 mA 






0.4 


V 


Voh 


loh = -100nA 


2.4 






V 



6-159 



SSI 32H6811 

Servo Motor Speed 
5V Driver/DACs 



SERVO POSITIONER 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


BEMF current 


Normal mode 


VBEMF = 4V 






300 


ma 


Retract mode 


VBEMF = 3V, Imotor = 
IVBYP2 = 






20 


uA 


SOUT amplifier 


Gain 




3.9 




4.1 


V/V 


Input offset 


SOUT = VBG 


-3 




3 


mV 


Output swing 


R L? = 10kQ to ERREF 


0.15 




VDD-1 


V 


ERRAMP amplifier 


Input offset 


ERR = ERRM 






±15 


mV 


Output swing 




1.55 




VDD-1. 25 


V 


Power amplifier ( VCM Driver) 


Gain (VM1-VM2)/(ERR-VBG) 




11 




13 


V/V 


Output voltage drop 


R L =16^Tj = 25°C, 
Imotor = 0.4 A 






1.0 


V 


Bridge crossover time 


Ivcm = 1 mA, pp @ 1 kHz 


R L = 16£2 






45 


MS 


VCM output THD 


lvcm=100 mA, pp @ 100 Hz 


R L = 16H 






2 


% 


SWIN on resistance 








250 


Q 


Retract amplifier (retract), VRETR = 0.5V, VBEMF > 1 V, R L = 16£2 


offset 


-100 mV 


Maximum output current, VRETR = 0.5V, VBYP1 = 4.5V 


VBEMF = 1V, VM1 = VM2 




60 






mA 


VBEMF = 1.5V, VM1 = VM2 




100 






mA 


Retract Amplifier (normal) 
VRETR leakage 








±10 


ma 
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SPINDLE MOTOR COMMUTATOR/DRIVER 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


Tshift, Shift Range in commu delay 


INCOM = to 0.8V 
8-pole Motor (3> 3600 rpm 






±15 


% 


Input current @ VIN 


< VIN < 2.5V 






±1 


ma 


Total FETs voltage drop 


Imotor = 0.5A 






0.85 


V 


Outputs @ CT, A, B, C while not driving 


Rin 


-0.3V < Vin < 7V 


5 






kQ 


Cin 


CT 






20 


PF 


Cin 


A, B, C 






200 


PF 


CONTROL CIRCUITRY 


Vdd voltage for SYSRST 
& RCRST in operation 




2 




5.5 


V 


VBG 


lout < +0.2 mA 


2.18 




2.32 


V 


VCHK comparator offset 








±15 


mV 


Thermal shutdown 


Temperature threshold 




125 




145 


°C 


Hysteresis 






5 




°C 


D/A CONVERTER 


Full-scale voltage 






VBG 




V 


Resolution 






10 




bits 


Digital Delay 








4 


us 


LSB volatge 






VBG/1024 




V 


Differential nonlinearity 








±1 


LSB 


ERREF 






VBG/2 


VBG 


V 


SERIAL INTERFACE PORT 


SDEN setup time prior to SCLK 


Tsens 


35 






ns 


SDEN hold time after SCLK 


Tsenh 


50 






ns 


SDATA setup time prior to SCLK rise 


Tds 


15 






ns 


SDATA hold time after SCLK fall 


Tdh 


15 






ns 


SCLK pulse width 


Tpw 


100 






ns 
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Tsens 
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FIGURE 2: SSI 32H6811 Serial Interface Timing Diagram 



PACKAGE PIN DESIGNATIONS 

(Top View) 



N/C 


zz 


1 


Ws5 


zz 


2 


VBGAP 


zz 


3 


THTEST 


zz 


4 


VPA 




5 


VP.ETR 


zz 


6 


VBEMF 


zz 


7 


VVMN1 


zz 


8 


VM1 


ZZ 


9 


VVMP 


zz 


10 


VM2 


zz 


11 


VVMN2 


zz 


12 


N/C 


(ZZ 


13 


N/C 


czz 


14 


N/C 


IZZ 


15 


N/C 


[ZZ 


16 
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TQFP 
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64-LEAD TQFP 



Advance Information: Indicates a product still in the design cycle, and any specifications are based on design goals only. Do not use 
for final design. 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other 
rights of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. 
Silicon Systems reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to 
verify that the data sheet is current before placing orders. 
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DESCRIPTION 

The SSI 32H6830, designated as the "Seeker™," 
contains a DSP, a 10-bit ADC, two 10-bit DACs, and 
sufficient I/O pins to perform the servo and MSG 
functions of a hard disk drive with no overhead to the 
master microprocessor. When fully programmed, the 
Seeker performs self-contained seek, track, and spindle 
control functions. When the device is given a track 
destination, it will seek to the desired track, generate an 
interrupt when it arrives on track, and then servo on the 
track. As a spindle controller, the Seeker will start the 
motor, spin it up to a speed indicated by the micropro- 
cessor, and generate an interrupt when proper speed 
has been achieved. The spindle controller is also 
capable of phase locking to a master spindle index and 
maintaining a specified phase with respect to the 
master index. The DSP will allow more sophisticated 
algorithms with better phase margin than those imple- 
mented with a microprocessor. The program and con- 
stants for the DSP are stored in the microprocessor 
ROM and are uploaded to the DSP. The part is opti- 
mized for use with the SSI 32H6810 motor speed 
commutator and servo amplifier device. 

The Seeker offloads all sector rate processing from the 
microprocessor and allows it to spend nearly 100% of 



Advance Information 



December 1992 

its time dealing with the controller chip; an essential 
feature as data rates approach 48Mbit/s. It also allows 
better algorithms to be implemented with less phase 
delay. This results in faster, quieter seek times and 
higher track bandwidths. 

FEATURES 

• Self contained seek, track, spindle start, 
spindle run, and spindle sync capability 

• Can operate at a multiple of the sector rate to 
reduce latency time between seek command 
and start of seek 

• DSP with 16x16 multiply in 200 ns 

• 10-bit 2 \is ADC with 6 input MUX 

• Two 10 bit DACs 

• Serial jiP port for uploading program memory 
from system jiP 

• Interfaces with pulse detectors containing on 
board peak detectors such as SSI 32P548 and 
SSI 32P4730 



PIN DIAGRAM 



DOUT [ 1 

ADVANCE [ 2 

UNIPOLAR [ 3 

RAMBUSY [ 4 

MSCHGAIN [ 5 

1HT [ 6 

SDATA [ 7 

SDEN [ 8 

SCLK [ 9 

VND [ 

VNA [ 

IN4 [ 

INO [ 

INI [ 

IN2 [ 

IN3 [ 



64 63 62 61 60 



i i i i ,f i r~i i i i i i 



54 53 52 51 50 49 



10 



12 



16 



17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 



8 ] MASTER 
47 ] SEROUT 
46 ] ADCSOUT 
45 ] HALTDSP 
44 ] POR 
43 ] START 
42 ] SLEEP 
41 ] TD 
40 ] COMMU 
39 ] DSPCK 
38 ] LOCAL 
37 ] TCK 
36 ] DIN2 
35 ] DIN1 
34 ] VPD 
33 ] VPA 



i I I I I I I I I I I — I i 

z => uj i i 



Mil 



1292 



64-Lead TQFP 



CAUTION: Use handling procedures necessary 
for a static sensitive component. 
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BLOCK DIAGRAM 




COMMU ADVANCE UNIPOLAR MSC_HI_GAIN 1RT SWON DOUT1 

i — I — A — i i — i— is^a — i— 

MASTER COMMU ADVANCE UNIPOLAR MSCHGAIN 1RT SW1 SW2 DOUT 
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FUNCTIONAL DESCRIPTION 
HARDWARE FUNCTIONAL BLOCKS 
Front End 

The Seeker front end consists of a 10-bit two's 
complement ADC, a 6-input MUX and some amplifiers 
whose gain can be set with external components. The 
front end is intendedto be driven by pulse detectors like 
the SSI 32P548 that have internal peak detectors or 
integrators. External resistors perform gain and offset 
correction. 

Front End Timing 

A start pulse sets the MUX address to five, raises 
RAMBUSY, and initiates a sequence of consecutive 
ADC conversions. The result of each conversion is 
stored in the data RAM (DRAM) address through 5, 
respectively. The MUX inputs are converted in reverse 
numerical order for INO through IN3. When the 
conversions are complete, other status words such as 
the state of the period and phase timers, the target 
track, and the current track are inserted in the DSP 
DRAM and a DSP code pass is started. 

The start pulse can be generated by hardware (the 
START pin or an internal counter) or software 
(STARTBIT in FSTATUS.) If STRTEN (in FSTATUS) 
is high, the start signal is taken from the START pin. If 
it is low, the internal counter generates a start signal 
every 512 DSP clocks. STARTBIT generates a start 
regardless of any other pin or bit. 

DSP Timing 

When the DSP is started, the ADC values, DSPIN, 
TTRACK, PHTIME, PTIME, and TRACK have already 
been loaded in DRAM . These values will not be updated 
again until the next start pulse occurs. When the DSP 
reaches a STOP instruction, it halts, lowers RAMBUSY 
and waits for another start signal. 

Track ID 

The current track ID is demodulated and converted to 
binary by external circuitry. It is then supplied to the 
Seeker through a dedicated serial port. The track ID is 
transferred to DRAM address 10 when a DSP start 
pulse is received. Depending on the TRKMSB bit in the 
FSTATUS word, track ID is received either LSB or MSB 
first. Since the track ID registercan handle up to 1 6bits, 
the unused bits can be utilized as flag bits from the 



demodulator. Some possible uses for the flag bits are: 
warning the DSP that certain sector data as bad, and 
in oversampling applications, indicating to the DSP 
which start pulses are at the beginning of a sector. 

Spindle Control Hardware 

The MSC portion of the seeker will support start, run, 
and synchronized spindle modes. The MSC hardware 
consists of a period timer and a phase timer. The period 
counter starts on the rising edge of LOCAL and transfers 
its count to a latch when the next rising edge occurs. A 
status bit, LINDEX, is set whenever new data is available 
at the latch. The status bit will be highforone DSPcode 
pass. The phase timer is also started on every LOCAL 
rising edge. It is stopped when MASTER rises. A status 
bit, MINDEX, indicates when new data from the phase 
timer is available. By comparing the value of the period 
timer and the phase timer, the actual phase error 
between local and master can be determined. The 
DSP controls spindle start by monitoring COMMU and 
asserting ADVANCE. See the SSI 32H6810 or 
equivalent data sheet for more details. 

U.P Serial Port 

Through the serial port, the uP can read FSTATUS and 
any DRAM or IRAM memory word. It can write the 
FSTATUS and TTRACK registers as well as any DRAM 
or IRAM word. The registers are internally double 
buffered and can be accessed by the uP at any time. 
Access to RAM must be limited to when the DSP is idle. 
The format of the serial port data string is consistent 
with other Silicon Systems serial interfaces. 

DAC1 and DAC2 

These DACs are 10 bits wide. They are memory 
mapped to DRAM address 2 and 3 for DAC 1 and 2, 
respectively. Each DAC has its own zero-reference 
input. The full scale swing of each DAC is ±VBGAP/2. 
These DACs are intended to drive the servo and 
spindle buffers. 

TTRACK Memory 

This 1 6 bit word is accessed by the uP serial port. It is 
double buffered so the uP does not need to synchronize 
to RAMBUSY. When TTRACK is programmed to a new 
target track, the next DSPSTART pulse will transfer it 
to DRAM and cause a seek to begin. 
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FUNCTIONAL DESCRIPTION (continued) 
FSTATUS Memory 

This 1 6-bit word can be read and written by the uP. It 
is double buffered so the uP does not need to 
synchronize to RAM BUSY. 

Interrupt 

The INT output is controlled by the DSP. It is typically 
used to indicate an event of interest to the uP such as 
spindle control achieving lock, orthe head arriving at its 
target, or at other times, spindle control losing lock or 
the head falling off track. Upon receiving the interrupt, 
the uP should read FSTATUS to determine the interrupt 
type. Reading FSTATUS clears the INT output. 



FSTATUS Register— Read 

The first 4 bits are interrupt status bits. They are written by the DSP and cause an interrupt to be initiated whenever 
they change state. The second four bits are information bits and do not affect INT. The third group of 4 bits are 
interrupt flags, indicating which of the interrupt status bits caused an interrupt. The last 4 bits are for version control 
and future reserved functions. Note that whenever FSTATUS is read, INT is deasserted and the interrupt flags 
are cleared. 



Bit 


Name 


Description 





SpareJNT 


When this bit changes state, TRY is asserted. 


1 


Ontrack 


Indicates that the head is on track. When this bit changes state, 
INT is asserted. 


2 


At_speed 


Indicates that the spindle is at speed. When this bit changes 
state, INT is asserted. 


3 


Phasejock 


Indicates that the local index is phase locked to the master index. 
When this bit changes state, INT is asserted. 


4 


Track/Seek 


Indicates if the DSP is in track mode. 


5 


RAMBUSY 


Indicates the DSP RAM is servicing the DSP and is "locked out" 
of the uP serial interface. 


6 


DSTAT11 


Bit 1 1 of DSPSTATUS 


7 


DSTAT12 


Bit 12 of DSPSTATUS 


8 


INTFO 


Is set when bit changes state. Is cleared when FSTATUS is 
read. 


9 


INTF1 


Is set when bit 1 changes state. Is cleared when FSTATUS is 
read. 


10 


INTF2 


Is set when bit 2 changes state. Is cleared when FSTATUS is 
read. 


11 


INTF3 


Is set when bit 3 changes state. Is cleared when FSTATUS is 
read. 
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SEROUT 

This is an output serial port used fordiagnostic purposes . 
Whenever the DSP writes to this port, the bits are 
shifted out at the DSP clock rate. SEROUT normally 
sits high. A leading zero prefixes all outputs as a 
marker. This pin is useful for monitoring internal data 
words while the DSP is operating in real time. 

Software Interface to uP 

The uP is able to read or write any word in the IRAM or 
DRAM. In addition, it is able to read and write the 
FSTATUS register, and to write the TTRACK register. 
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FSTATUS Register— Read (continued) 



Bit 


Name 


Description 


12 


REVO 


LSB of revision number. 


13 


REV1 


MSB of revision number. 


14 


RESERVED 




15 


RESERVED 




FSTATUS Register— Write 





STRTEN 


Selects DSPSTART from the timing block instead of the divide- 
by-51 2 counter. 


1 


TRKMSB 


Sets the TRACK ID serial to parallel converter to "MSB first" 
mode. 


2 


HALTBIT 


Serves the same purpose as the HALTDSP pin. When asserted, 
the DSP will continue executing its current code pass and then will 
remain idle, ignoring both external and internal hardware start 
pulses. This bit should be set by the uP during initialization of the 
Seeker. 


3 


STARTBIT 


Is athird way of creating a "start." When HALTBIT is asserted, this 
is the only way to create a "start." If this bit is programmed to 1 , 
the usual sequence of ADC conversions and data transfers to 
DRAM is initiated. The DSP code pass will not be initiated, 
however. Instead the DSP will wait for SS pulses. STARTBIT is 
automatically cleared after it is written. 


4 


SS 


This bit is ignored except if HALTBIT is asserted. In that case, 
every "one" written to SS causes the DSP to advance one clock 
cycle. SS is automatically cleared after it is written. 


5 


RESETBIT 


Resets the Seeker to the state where the uP serial interface has 
complete access. This bit should be set by the uP before initializing 
the Seeker. 


6 


RESUMEBIT 


Terminates the single step mode by resuming DSP execution at 
full speed. 


7 


FS7 


A spare bit for communication from uP to DSP. 
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FUNCTIONAL DESCRIPTION (continued) 
Serial Port 

The serial port is designed to be shared by other devices. For this reason, a device ID is included in the preamble. 
The device ID conforms to the Silicon Systems standard: 1-R/W, 2-Pulse Det, 3-Filter, 4-Data Sep, 5-ENDEC, 
6-Time Base, 7-Servo/MSC. Bit of the serial port is received first. Each bit string received by the serial port can 
be unlimited in length but consists of the following initial fields: 



Bit # 


Field 


Description 





R/W 


Indicates whether data is to be read or written. 


1..3 


Device ID 


Identifies the device being programmed (LSB is bit 1). Must be 
7' to communicate with this part. 


4.. 5 


Type 


Indicates which memory is addressed (LSB is bit 4): 

FSTATUS 

1 TTRACK (write only) 

2 DRAM or ACCUMULATOR 

3 IRAM or PROGRAM COUNTER 


6.7 


Address bank 


The bank address for memories with more than 256 words. 
These bits are ignored if FSTATUS or TTRACK is being accessed. 
Note that if bank is 1 1 , type 2 and 3 become ACCUMULATOR 
and PROGRAM COUNTER respectively. 


8.115 


Address 


The RAM address (LSB is bit 8). This field must always be sent 
except when accessing FSTATUS or TTRACK. 


16.. or 8.. 


Data 


The data (LSB first). If RAM data is being read or written, 
consecutive data words can be concatenated. The address will 
automatically increment after each 16 (DRAM) or 20 (IRAM) bits. 
The address bank is automatically incremented when necessary. 
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DSP Memory Map 

The DSP communicates with the Seeker chip through memory mapped regions of DRAM. The first 1 words are 
mapped to various hardware resources as defined below. Note that the first four words are "write protected." The 
remaining words are initialized at the beginning of each DSP code pass and may then be modified or overwritten 
by the DSP. 



un am Address 


neaa uy uor 


wriuen oy uor* 





ADC5 (write protected) 


DSPSTATUS 


1 


ADC4 (write protected) 


SEROUT 


2 


ADC3 (write protected) 


DAC1 


3 


ADC2 (write protected) 


DAC2 


4 


ADC1 




5 


ADCO 




6 


DSPIN 




7 


TRACK 




8 


PTIME (period time) 




9 


PHTI ME (phase time) 




10 


TRACK 





DSPSTATUS and DSPIN 

DSPIN is the word the DSP uses to communicate with bits set by the uP or by Seeker input pins. DSPSTATUS 
is the word the DSP uses to control bits read by the uP and external pins controlled by the DSP. Whenever the 
first 4 bits of DSPSTATUS are changed by the DSP, INT is asserted. The bits in DSPIN and DSPSTATUS are 
defined below. 



BIT 


DSPIN (Read by DSP) 


DSPSTATUS (Written by DSP) 





COMMU (from COMMU pin) 


SPAREJNT (to FSTATUS) 


1 


LINDEX (from period timer) 


ONTRACK (to FSTATUS) 


2 


MINDEX (from phase timer) 


ATS PEED (to FSTATUS) 


3 


DIN1 (from DIN1 pin) 


PHLOCK (to FSTATUS) 


4 


DIN2 (from DIN2 pin) 


TRACK/SEEK (to FSTATUS) 


5 


LOCAL (from LOCAL pin) 


UNIPOLAR (to pin) 


6 


MASTER (from MASTER pin) 


MSCHGAIN (to pin) 


7 


FS7 (from FSTATUS) 


ADVANCE (to pin) 


8 




DOUT (to pin) 
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FUNCTIONAL DESCRIPTION (continued) 
DSPSTATUS and DSPIN (continued) 



BIT 


DSPIN (Read by DSP) 


DSPSTATUS (Written by DSP) 


9 




SWON (to SW1 , SW2 switch) 


10 




DSTAT11 (to FSTATUS) 


11 




DSTAT12(to FSTATUS) 


12 




not used 


13 




not used 


14 




not used 


15 




not used 



PIN DESCRIPTION 

The following description lists each pin, associates a pin type to it, and provides a brief description of the pin's 
function. 



NAME 


TYPE 


DESCRIPTION 


VPA, VPD 


vcc 


Analog and digital power supplies. 


VNA, VND 


GND 


Analog and digital grounds. 


INO, IN1, 
IN2, IN3 


Ana In 


The four primary inputs automatically converted by the A/D. These inputs 
drive a low resistance analog switch. 


MUXOUT 


Ana Out 


The output of the IN0..IN3 mux. 


INM 


Ana In 


The inverting input to amplifier A1 . 


AOUT 


Ana Out 


The output of amplifier A1 . 


INP 


Ana In 


The non-inverting input to A1 . 


VBGAP 


Ana In 


The voltage reference input. This will determine the full scale swing of the 
ADC and the two DACs. 


ZEROREF 


Ana Out 


The ADC zero reference output. Can be used by the A1 resistor network to 
level shift INO through IN3. 


IN4 


Ana In 


A direct input to the ADC mux. 


IN5 


Ana Out 


The output of amplifier A5. 


IN5N, IN5P 


Ana In 


The inputs to amplifier A5. 


RBIAS 


Ana Out 


A resistorto ground from this pin sets the bias current forthe analog circuitry. 


SERVO 


Ana Out 


The output of the servo DAC. 


SREF 


Ana In 


The servo DAC reference. The DAC output swing will be SREF-0.5-VBGAP 
to SREF+0.5-VBGAP. 


MSC 


Ana Out 


The output of the MSC DAC. 


MREF 


Ana In 


The MSC DAC reference. The DAC output swing will be MREF-0.5- VBGAP 
to MREF+0.5-VBGAP. 
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NAME 


TYPE 


DESCRIPTION 


SW1.SW2 


Ana In 


The two terminals of an uncommitted analog switch. The switch is controlled 
oy tne owun dii in tne uor o i a i uo woro. 


ADCSOUT 


Dig Out 


A test point from the ADC. This test point is connected to the output of the 
ADC comparator. 


START 


Dig In 


A rising edge on START initiates consecutive ADC conversions and causes 
a pass xnrougn me uor cooe 10 Degin. 


UOr Ol\ 


Dig In 


The master clock (20 MHz) for the chip. 


SLEEP 


Dig In 


Reduces the supply current of the chip. All analog circuitry is deactivated, 
with outputs becoming high impedence. The chip clock is deactivated. No 
data will be lost in RAM due to the use of static RAM. 


POR 


Dig In 


Chip reset. This pin is for diagnostic purposes and should be grounded in 
normal operation. 


SDEN 


Dig In 


The uP serial interface enable. SCLK and SDATA are ignored and the 
interface reset when SDEN is low. 


SCLK 


Dig In 


The u.P serial interface clock. 


SDATA 


Dig I/O 


The uP serial interface data. This pin is an input except for the data cycles 
of a serial read request. 


TCK 


Dig In 


The clock for the current track serial input. 


TD 


Dig In 


The data for the current track serial input. 


SEROUT 


Dig Out 


The serial output from the SEROUT word memory mapped into DRAM. This 
output can be used to monitor the DSP during real time applications. 


nAMbUoY 


Him i4 

uig uut 


When high, the DSP is executing code. When low, it is waiting for a START 
pulse. 


HALTDSP 


Dig In 


When high, halts the DSP. Similar in function to HALTBIT in FSTATUS. This 
pin or HALTBIT should be asserted during uP access of DRAM and IRAM. 


LOCAL 


Dig In 


The local index pulse. The period counter measures the time between 
LINDEX pulses. 


MASTER 


Dig In 


The master index pulse. The phase timer measures the time from LINDEX 
to MINDEX. 


COMMU 


Dig In 


The input from the BEMF comparator on the MSG chip. 


ADVANCE 


Dig Out 


The output to the MSC chip. 


UNIPOLAR 


Dig Out 


An uncommitted DSP output bit that can be used to command the external 
MSC commutator to switch to unipolar mode. 


MSCHGAIN 


Dig Out 


An uncommitted DSP output bit that can be used to command the external 
MSC commutator to switch gains. 


INT 


Dig O/D 


The interrupt output for the DSP. 


DOUT 


Dig Out 


An uncommitted output bit that can be programmed by the DSP. 


DIN1, DIN2 


Dig In 


Uncommitted input bit that can be read by the DSP. 
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ELECTRICAL SPECIFICATIONS 
ABSOLUTE MAXIMUM RATINGS 

Exposure to absolute maximum rating conditions for extended periods may cause permanent damage to the 
device or affect device reliability. 



PARAMETER 


RATING 


Supply voltage VPA, VPD 


Vdd 


-0.3 to 7.0V 


Pin voltage Ana In 


Vinai 


-0.3 to VDD+0.3V 


Ana Out 


Vinao 


-0.3 to VDD+0.3V 


Dig In 


Vindi 


-0.3 to VDD+0.3V 


Dig Out 


Vindo 


-0.3 to VDD+0.3V 


Storage temperature 


Tstg 


-65 to 150°C 


Lead temperature 
(10 sec duration) 


Tlead 


to 300°C 


RECOMMENDED OPERATING CONDITIONS 






The recommended operating conditions for the device are indicated in the table below. Performance 
specifications do not apply when the device is operated outside the recommended conditions. 


PARAMETER 


RATING 


Supply voltage 


Vdd 


4.5 to 5.5V 


Ambient temperature 


Ta 


to 70°C 


Capacitive load on digital outputs 


CI 


50 pF 


Analog output load 
CI 


50 pF 


Rl 


20 kQ 


System clock /c = 20 MHz 






Freq. tolerance 


fc 


-0.01 to 0.01% 


Pulse width 


Twh.Twl 


20 to 30 ns 


Biasing resistor, Rbias = 56.3 kQ 


Rbias 


-5 to 5% 


VBGAP tolerance, VBGAP = 2.25V 


VBGAP 


-5 to 5% 
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PERFORMANCE SPECIFICATIONS 



SUPPLY CURRENT (FSTART = 5 kHz, DSP ACTIVE TIME = 25 \is) 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


VPA 


Idda 








24 


mA 


VPD 


Idd 








13 


mA 


VPA, Sleep mode 


Iddas 








TBD 


mA 


VPD, Sleep mode 


Idds 








TBD 


mA 


DIGITAL I/O 


Digital input 
Vil 




0.8 






V 


Vih 








2.0 


V 


lil.lih 








1 


uA 


Digital Output (except TnT) 
Vol 


lol = 2.0 mA 






0.4 


V 


Voh 


loh = -100uA 


Vdd-.4 






V 


Digital Output (TnT) 
Vol 


lol = 4.0 mA 






0.4 


V 



SERVO D/A CONVERTER 



Positive Full-scale voltage 
Digital=0x1FF 






SREF+ 
VBGAP/2 




V 


Negative Full-scale voltage 
Digital=0x200 






SREF- 
VBGAP/2 




V 


Resolution 






10 




bits 


Digital Delay 








4 


us 


LSB voltage 






VBGAP/ 
1024 




V 


Differential nonlinearity 








1 


LSB 


Offset 








TBD 


mV 
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ELECTRICAL SPECIFICATIONS (continued) 
MSC D/A CONVERTER 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


Positive Full-scale voltage 
Digital = 0x1 FF 






MREF+ 
VBGAP/2 




V 


Negative Full-scale voltage 
Digital = 0x200 






MREF- 
VBGAP/2 




V 


Resolution 






10 




bits 


Digital Delay 








4 


LIS 


LSB voltage 








VBGAP/ 
1024 


V 


Differential nonlinearity 








1 


LSB 


Offset 








TBD 


mV 


ADC CONVERTER 


Positive full-scale input 
Digital Output = 0x1 FF 






VBGAP 




V 


Negative full scale input 
Digital Output = 0x200 






VBGAP/9 




V 


Resolution 






10 




bits 


Conversion time 
(includes MUX delay) 








2 


LIS 


LSB voltage 






VBGAP/ 
1152 




V 


Differential nonlinearity 








1 


LSB 


AMPLIFIERS 


Gain 




50 






dB 


Unit gain bandwidth 




1 






MHz 


Input offset 




-20 




20 


mV 


Output swing 




.2 




3.5 


V 


Input common mode Range 









Vdd 


V 


Settling time to 0.1%full scale 
step, inverting unity gain 








1.8 


MS 


MUX 


On Resistance 








100 


Q 
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SW1.SW2 SWITCH 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


On Resistance 








100 


Q 



U.P SERIAL INTERFACE PORT TIMING 



SCLK 

Period TCLK 




50 






ns 


Low Time TCKL 




15 






ns 


Hiah Time TCKH 




25 






ns 


SDEN 

Setup Time TSENS 




20 






ns 


Hold Time TSENH 




60 






ns 


SDATA 

Setup Time TDS 




5 






ns 


Hold Time TDH 




2 






ns 


Read Delay TPD 


CL = to 50 pF 


4 




60 


ns 


Disable Delay TSENDL 








25 


ns 



|iP TRACK ID PORT TIMING 



TCK 

Period TCLK 




20 






ns 


Low Time TCKL 




10 






ns 


High Time TCKH 




10 






ns 


TD 

Setup Time TDS 




3 






ns 


Hold Time TDH 




2 






ns 
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SDEN — 1 y 

I^TSENS^j^ TCLK ^| |^ TCKH ^ | JCKL | ( 


*ST WRITE CLOCK 

FIRST READ CLOCK 

1 L_J — ^ /; L_J 


1 

-*\ [**-TSENH 

|«»-*"|tsendl 


(WRITE) ... . X XXX l.l. X 


11 — 


X^ 


FVW 100 ID1 ID2 

TDH-* 

SDATA V V \7 Yl \7 


TOP — 

rx s-r-v ^ 


|-^- V LAST BIT WRITTEN 


(READ) /\ /\ /\ /V I I /\ ^ ✓ ^ >\ [[ /\ /\* / 

FVW IDO ID1 ID2 " f ( " ( 

{ V FIRST BIT READ V LAST BIT READ 

^LAST ADDRESS BIT 



FIGURE 1 : Serial Port Data Transfer Format 



PROGRAMMER'S DESCRIPTION 

This programmer's description of the SEEKER DSP 
contains a register level description of the DSP that is 
detailed enough to illustrate each opcode. It also 
contains a description of each opcode. 

REGISTER LEVEL DESCRIPTION 

The DSP consists of an arithmetic unit and an instruction 
unit. The arithmetic unit consists of a data RAM (DRAM) , 
a shifter, an ALU, and an accumulator. The instruction 
unit consists of instruction RAM (IRAM) and a program 
counter. Figure 2 shows the contents of the DSP. 

In a one-clock cycle, the DSP is capable of shifting a 
data word upto±1 5 bits and adding it to the accumulator. 
A 4-cycle multiply is implemented in the multiply and 
accumulate functions. 

DRAM 

The DRAM stores data and coefficients for use by the 
DSP. The f irst 1 1 addresses of the DRAM are memory 
mapped to on-chip resources. In addition, a lookup 
command allows the DSP to use portions of DRAM as 
lookup tables. 



DATA REG AND MULT REG 

These registers store the data from the DRAM. This 
permits the DRAM to perform other operations during 
a multiply. A STORE or the setup cycle of an MLD or 
MADD instruction will be executed while a previous 
MLD or MADD instruction is completing. 

SEQUENCER 

This logic block controls the execution of instructions 
by monitoring the state of the accumulator, the DRAM, 
and the IRAM. When the resources required by the 
next instruction are available, the sequencer permits 
that instruction to execute. 

FLAGS 

Certain instructions cause one of the three flags to be 
updated with the sign bit of the accumulator. The flags 
are used by the instruction unit during conditional 
jumps. 

SHIFTER 

The shifter shifts the DATA REG word up to ±1 5 bits in 
one clock cycle. Unused left hand bits are sign extended 
and unused right hand bits are zero filled. The shifter 
has a 24-bit input and output width. The 16-bit word 
from DATA REG is sign extended 4 bits and padded 
with 4 zero bits below the LSB before entering the 
shifter. 



6-176 



SSI 32H6830 
Servo DSP 



ALU 

The ALU is capable of performing an add, subtract, 
absolute value, XOR, AND, OR, and NEG function. 
The list of opcodes details the choices. 

ACCUMULATOR 

The accumulator is 1 6 bits with 4 extra LSB bits and 4 
extra sign bits. The extra LSB bits minimize the rounding 
error when partial products are summed during a 
multiply. The top 4 sign bits are used as an aid in 
identifying overflow. They also are used in extended 
precision calculations where they are shifted to the 
least significant bits of the 16-bit accumulator. 

MULTIPLIER DESCRIPTION 

The mu Itiplier returns the top 1 6 bits of a 1 6x1 6 product . 
An additional 4 LSBs are calculated to improve the 
truncation accuracy of the product. A RADIX register 
shifts the multiplicand (pointed to by DR) a certain 
number of bits to the left. 

Thismultiplierfacilitatestheuseofthetwo'scomplement 
fractional representation. For instance if RADIX is set 
to zero, each 1 6 bit number should be thought of as a 
signed fraction whose full scale value approaches 
±1.0. The value of the fraction is calculated by the 
following equation: 

value = -2°fc 15 + 2 1 b 14 + Z 2 b^ + ... + 2^ 5 b Q 

Two such numbers multiplied together will yield an 
answer in the same format. For instance 0x4000 (0.5) 
multiplied by 0x4000 (0.5) results in 0x2000 (0.25). 

Alternatively, if it is desired to represent numbers 
whose integer value can approach ±16, set RADIX to 
4 and use the following formula: 

value = -2 4 b 15 + 2 3 b u + 2 2 b 13 + ... + Z"b Q 

With this format, 0x0400 (0.5) multiplied by 0x1800 
(3.0) results inOxOCOO (1.5). 

OPCODE LIST 

The following opcodes are implemented in the SEEKER 
DSP. Parameters in [square] brackets are optional. 
Parameters enclosed in {curly} brackets form a listf rom 
which only one parameter may be chosen. Parameters 
may be placed in any order within all instructions 
except MLD and MADD. Opcodes, symbols and all 
options are case insensitive. 



SHORT/LONG FORM DESCRIPTION 

There is instruction memory capacity for 1 K by 1 0-bit 
short form commands or 500 bytes by 20-bit long form 
commands. Short form is a 10-bit command which 
uses relative addressing, whereas long form is a 20-bit 
command with direct addressing. 

DR, MR, and SR are three different pointers to DRAM 
which are updated with each reference. The assembler 
will insert short forms of each command if the pointer 
reference is close enough to its previous reference that 
relative addressing can be used. Every instruction has 
a short form except AND, OR, XOR, store commands 
that use /RET, and jump instructions conditional on F2 
or F3. The relative address distance is listed in each 
opcode description. 

If it is desired to force a long or short version of a 
particular command, an .L or .S suff ix can be appended 
to the command. Alternatively, a short instruction can 
be forced by specifying a relative address such as '+1 ' 
or '+2'. 

ALU INSTRUCTIONS WITH MULTIPLY 

M LD DramDR DramMR [/F1 ] 

Loads the data register with DramDR and the multiplier 
register with DramMR and initiates a multiply and load. 
The value in DramDR is shifted left by RADIX before 
being multiplied. The MLD instruction requires either 4 
or 5 cycles to execute. The 5th cycle is not needed if the 
previous ALU instruction was an MLD or MADD and 
was followed by fewer than 4 non-ALU instructions. If 
F1 is specified, the F1 flag will be updated with the sign 
bit of the accumulator result. Relative address distance 
for both DR and MR addresses is +2, -1 . 

MADD DramDR DramMR [/F1] 

Loads the data register with DramDR and the multiplier 
register with DramMR and initiates a multiply and add. 
The value in DramDR is shifted left by RADIX before 
being multiplied. The MADD instruction requires either 
4 or 5 cycles to execute. The 5th cycle is not needed if 
the previous ALU instruction was an MLD or MADD 
and was followed by f ewerthan 4 non-ALU instructions. 
If F1 is specified, the F1 flag will be updated with the 
sign bit of the accumulator result. Relative address 
distance for both DR and MR addresses is +2, -1 . 



6-177 



SSI 32H6830 
Servo DSP 



MULTIPLIER CONTROL INSTRUCTIONS 

RADIX n [/RET] 

Sets the amount of left shift "bias" to be performed on 
DR during MLD and MADD instructions. Thiscommand 
is effectively defining the location of the radix point in 
the MR word. The RET option will cause a subroutine 
return. The RADIX command is always short form and 
is the only short form instruction with a RET option. 

ALU INSTRUCTIONS WITH SHIFT 

LDS DramDR {/SHL=n, /SHR=n} [/F1] [/ABS] 
Loads the contents of DramDR in the accumulator after 
being shifted as specified. Relative address distance 
is +2, -1 . F1 indicates that the F1 flag is to be updated 
with the sign of the result. ABS indicates that the 
absolute value of DramDR is to be used. If F1 or ABS 
is specified, the long form of the instruction is used. 

LDNS DramDR {/feHL=n, /SHR=n} [/F1] 
Loads the negative contents of DramDR in the 
accumulator after being shifted as specified. Relative 
address distance is +2,-1. F1 indicates that the F1 flag 
is to be updated with the sign of the result. If F1 is 
specified, the long form of the instruction is used. 

ADDS DramDR {/SHL=n, /SHR=n} [/ABS] [/F1 ] 
Adds the contents of DramDRXo the accumulator after 
being shifted as specified. F1 indicates that the F1 flag 
is to be updated with the sign of the result. ABS 
indicates that the absolute value of DramDR is to be 
used. If F1 or ABS is specified, the long form of the 
instruction is used. Relative address distance is +2, -1 . 



SUBS DramDR {/SHL=n, /SHR=n} [/ABS] [/F1] 
Subtracts the contents of DramDRXo the accumulator 
after being shifted as specified. F1 indicates that the F1 
flag is to be updated with the sign of the result. ABS 
indicates that the absolute value of DramDR is to be 
used. If F1 or ABS is specified, the long form of the 
instruction is used. Relative address distance is +2, -1 . 

XSIGN DramDR {/SHL=n, /SHR=n} [/F1] 
Multiplies the accumulator by the sign of DramDR— if 
DramDR \s negative, the accumulator will be inverted. 
If F1 is specified, the F1 flag is updated with the sign of 
the accumulator at the end of the command's execution. 
Relative address distance is +4, -3. 

AND DramDR [/INV] {/SHL=n, /SHR=n} 
ANDs the contents of DramDRXo the accumulator after 
being inverted and shifted as specified. There is no 
short form of this instruction. 

OR DramDR {/SHL=n, /SHR=n} 

ORs the contents of DramDRXo the accumulator after 

being shifted as specified. There is no short form of this 

instruction. 

XOR DramDR {/SHL=n, /SHR=n} 

XORs the contents of DramDRXo the accumulator after 

being shifted as specified. There is no short form of this 

instruction. 
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ALU INSTRUCTIONS 

LD DramDR [/ABS][/F1] 
Loads the contents of DramDR in the accumulator. If 
[ABS] is specified, the absolute value of DramDR is 
loaded. If F1 is specified, the F1 flag is updated with the 
sign of the accumulator at the end of the command's 
execution. Relative address distance is +4, -3. 

LDN DramDR [/F1] 

Loads the negative contents of DramDR in the 
accumulator. If F1 is specified, the F1 flag is updated 
with the sign of the accumulator at the end of the 
command's execution. Relative address distance is 
+4, -3. 

ADD DramDR [/ABS] [/F1] 
Adds the contents of DramDR to the accumulator. If 
[ABS] is specified, the absolute value of DramDR is 
added. If F1 is specified, the F1 flag is updated with the 
sign of the accumulator at the end of the command's 
execution. Relative address distance is +4, -3. 

SUB DramDR [/ABS] [/F1] 
Subtracts the contents of DramDR from the 
accumulator. If [ABS] is specified, the absolute value of 
DramDR is subtracted. If F1 is specified, the F1 flag is 
updated with the sign of the accumulator at the end of 
the command's execution. Relative address distance 
is +4, -3. 

XSIGN DramDR [/F1] 

Multiplies the accumulator by the sign of DramDR— if 
DramDR \s negative, the accumulator will be inverted. 
If F1 is specified, the F1 flag is updated with the sign of 
the accumulator at the end of the command's execution. 
Relative address distance is +4, -3. 

NOP 

An arithmetic command that does nothing.lt is 
sometimes useful before STO and conditional JMP 
commands. This command is always short. 

LKUP 

Loads the accumulator with the left justified DRAM 
value pointed to by the accumulator. The upper 8 bits 
of the accumulator are used as the DRAM address. 
The SAT module is always activated during LKUP. 
This command is always short. 



STORE COMMANDS 

STO DramSR [/RET] [{/F2, /F3}] 

Store the accumulator in DramSR. If F2 or F3 is 
specified, the appropriate flag will be updated with the 
sign of the value being stored. Relative address distance 
is +2, -1. If RET is specified, the long form of this 
instruction is used. 

STOSAT DramSR [/RET] [{/F2, /F3}] 
Store the accumulator in DramSftwith saturation logic 
enabled. If F2 or F3 is specified, the appropriate flag 
will be updated with the sign of the value being stored. 
Relative address distance is +2, -1 . If RET is specified, 
the long form of this instruction is used. 

STOLSW DramSR [/RET] [{/F2, /F3}] 
Store the least significant word. This command stores 
the accumulator in DramSR and then shifts the sign 
bits right by 1 6 bits. The extra LSB bits are cleared. If 
F2 or F3 is specified, the appropriate flag will be 
updatedwiththesignof the value being stored. Relative 
address distance is +2, -1 . If RET is specified, the long 
form of this instruction is used. 

STODR DramSR [/RET] [{/F2, /F3}] 
Stores the DATA REG contents in DramSR. This 
command permits fast data moves since the data does 
not have to flow through the accumulator pipeline. If F2 
or F3 is specified, the appropriate flag will be updated 
with the sign of the value being stored. Relative address 
distance is +2, -1 . If RET is specified, the long form of 
this instruction is used. 
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PROGRAM CONTROL 

JMP label: 

An unconditional jump. Relative address distance is 
+8,-7. 

JSUB label: 

An unconditional subroutine call. This is always a long 
instruction. 

JF label: {/F1 , /F2, /F3} 

Jump if flag is one. Relative address distance is +8, - 

7. If F2 or F3 is specified, the long form is used. 

JFB /afce/:{/F1,/F2,/F3} 

Jump if flag is zero. Relative address distance is +8, - 

7. If F2 or F3 is specified, the long form is used. 

JALU 

A computed jump. The jump address is taken from the 
bottom 9 bits of the accumulator. This is a short 
instruction. 

STOP 

Stops execution of the program. The program restarts 
on a rising edge of DSPSTART pulse. 

COMMAND SEQUENCING 

Although the SEEKER DSP is a pipeline architecture, 
instruction sequencing is unaffected except in one 
case. 

Commands that depend on accumulator results such 
as STORE and conditional jump must allow one cycle 
to occur after the accumulator instruction completes. If 
the accumulator instruction requires more than one 
cycle to complete (MLD or MADD), the STORE or 
conditional jump must be placed one ALU instruction 
after the accumulator command. This allows the result 
to propagate into the accumulator before it is stored. 

Example 1 : Calculate C=A-B and E=A-B+D. 
MLD AB ;load accumulator with A-B 
ADD D ;add D to accumulator 
STO C ;store A*B in C 
STO E ;store A-B+D in E 



Example 2: Calculate C=A-B and E=A-B+D*F. 
MLD A B ;load accumulator with A-B 
MADD D F ;add D-F to accumulator 
STO C ;storeA-BinC 
NOP ;NOP is an ALU instruction 

STO E .store A-B+D-F in E 

CYCLE COUNTING 

All instructions execute in one cycle except MLD and 
MADD instructions which require a setup cycle and 4 
ALU cycles. During a multiply, the sequencer will 
execute up to 4 non-ALU instructions until it encounters 
another ALU command. Non-ALU commands include 
JUMP, STORE, and the setup cycle of MLD and MADD 
instructions. Thus it is often possible to store results 
and setup the next multiply without consuming clock 
cycles. 

Example 3: Calculate a 2 pole Chebyshev low pass: 



LD 

MADD 
MADD 



out 

vx 

VIN K1 
VOUTNK2 



V out K 2 



MADD VOUT K3 



STO 



LD 



STO 



VX 



VX 



VOUT 



;(1 clock) load vx 

;(5 clock) OLDVX + K1-VIN 

;(4 clock) the setup for this 

instruction occurs during the 

previous instruction. 

;(4 clock) the setup for this 

instruction occurs during the 

previous instruction. 

;(0 clock) VX=OLDVX + 

K1 -VIN + K2- VOUT 

;(1 clock) begin new 

calculation 

;(1 clock) VOUT=VX + 
K3-VOUT 



Thus this biquad requires 1 6 cycles to execute. Note 
that NK2 = -K2. 
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ASSEMBLER INPUT FILE 

The assembler input file contains both DRAM initialization information and I RAM instructions. Atypical structure 
for the file is: 

; ****************************** sampje jnput fj|e ********************* 
.sample. asm 

.comments extend from ; to end of line 



.dorg .indicates the beginning of a DRAM section which will specify addresses 

.beginning with 0. If no value is specified, the addressing will start where the last 
;.dorg section ended. 

zero: dataO ;values can be expressed in decimal 

qrtr: data 0x2000 ;orhex 
x2: data 256 

data 

data ;DRAM labels are optional 

prod: data 
add: 

dad : data ;more than one label can refer to the same address 

temp: data jumpl ;a DRAM value can be another DRAM or IRAM label. 

.org indicates the beginning of an IRAM section. As in the .dorg case, a value can be 

specified to indicate where in the IRAM the code is to be inserted. 

Ids qrtr /shl=1 ;load qrtr into accumulator after being shifted by 1 bit to the left 

radix 1 ;indicate that multipliers have the radix point 1 bit from left 

sto x2 ;store 0x4000 into x2 

madd add qrtr /f 1 ;multiply add times qrtr times two (due to RADIX), update f1 

nop ;wait one arith cycle before result is valid for sto or jmp 

jf /f 1 jumpl ;jump if f 1 is one 

sto prod ;sto prod if positive 

jmp end 

jumpl : ;labels can be on a line by themselves 

sto dad ;if neg, send prod to dad 

end: stop 

; ******************************* end of sam pj e f u e ******************* 
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ADDR 


READ 


WRITE 


o 


ADC5 


DSPSTATUS 


1 


ADC4 


SEROUT 


2 


AOC3 


DAC1 


3 


ADC2 


DAC2 


4 


ADC1 




5 


ADCO 




6 


DSPIN 




7 


TTRACK 




8 


PTIME 




9 


PHTIME 




10 


TRACK 






DRAM (196x16) 




ADDR 

DATA 



IRAM (512x20) 






ADDR 



LOOKUP ADDR 



/ 16 



/ 16 



/ 16 



If 



SHIFT CTRL 

—A — 



/ 16 



SEQUENCER 



ACCUMULATOR 4LSB 



JMP ADDR y 
79 



COUNTER CTRL 



FIGURE 2: Programmer's Model 
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PACKAGE PIN DESIGNATIONS 

(Top View) 



CAUTION: Use handling procedures necessary 
for a static sensitive component. 



% § 8 § 1 2 2 i i 2 



DOUT [ 1 

ADVANCE [ 2 

UNIPOLAR [ 3 

RAMBUSY [ 4 

MSCHGAIN [ 5 

IRT [ 6 

SDATA [ 7 

SDEN [ 8 

SCLK [ 9 

VND [ 

VNA [ 11 

IN4 [ 12 

INO [ 13 

IN1 [ 14 

IN2 [ 15 

IN3 [ 16 



10 



_ rx-r~i_r~T-j~i-n- 



64 63 62 61 60 59 58 57 56 55 54 53 52 51 50 49 
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48 ] MASTER 

47 ] SEROUT 

46 ] ADCSOUT 

45 ] HALTDSP 

44 ] POR 

43 ] START 

42 ] SLEEP 

41 ] TD 

40 ] COMMU 

39 ] DSPCK 

38 ] LOCAL 

37 ] TCK 

36 ] DIN2 

35 ] DIN1 

34 ] VPD 

33 ] VPA 



2 ft 8 £ 5 U 
5 S 2 i w w 



64-Lead TQFP 
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DESCRIPTION 

The (Spindle) Motor Speed Control in conjunction with 
several external components, provides starting, ac- 
celerating, and precise rotational speed regulation 
functions. Different circuit versions are provided to 
control 4-, 8-, or 1 2-pole brushless DC motors without 
the need for Hall sensors. Control is accomplished via 
five pins and operation is monitored via two pins. The 
complete speed regulation control loop is contained in 
the circuit and the companion microprocessor is only 
required during start and to monitor status. 

Motor speed control is accomplished by measuring the 
period of each revolution with a 500 kHz clock signal 
(SYSCLK divided by four). Period resolution is there- 
fore 2 microseconds with the desired period being 
8333 counts (16.66 milliseconds, or 3600.144 RPM). 



February 1992 

Motor armature position is determined by monitoring 
the coil voltage of the winding that is not presently being 
driven by the drivers. The back-emf at the coil in 
conjunction with the state of the output drivers, indi- 
cates armature position. The back emf is compared to 
a reference (CT) and initiates commutation when the 

(continued) 

FEATURES 

• Precise speed control 

• 1 amp peak drivers 

• No blocking diode 

• Adaptive commutation delay 

• Commutation transient suppression 

• Convenient Retract / Brake Control 



ADAPTIVE 
COMMUTATION 
DELAY 



DX/COMMU rHh 



ADVANCE 
UNIPOLAR 



INDXSEL p- 



V 




PERIOD COUNTER 



H3K 



ACCUMULATOR 




BLOCK DIAGRAM 




{J SENSE 



INCOM [ 1 
PDAC [ 2 
IDAC [ 3 
RESET [ 4 
BRAKE [ 5 
VIN [ 6 
GND [ 7 
VM1 [ 
SENSE1 [ 
VM2 [ 
VM3 [ 

C [ 
VM4 [ 
YM5 [ 
SENSE2 [ 15 
V BRAKE [ 16 
OTSD [ 17 
VM6 [ 18 



36 



] LOCK 



35 p INDX/COMMU 
34 
33 
32 
31 
30 
29 



24 



22 
21 
20 
19 



] INDXSEL 

] ADVANCE 

] SYSCLK 

] UNIPOLAR 

] R RAMP 

] vcc 
28 ] SENSE4 
VM10 
VM9 



25 ] A 



] VM8 



23 ] VM7 



] CT 
] TEST 
] SENSE3 
B 



36-Pin SOM 
PIN DIAGRAM 



CAUTION: Use handling procedures necessary 
for a static sensitive component. 
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TABLE 1 : Output Driver States 







PULL DOWNS 




PULL UP 




STATE 


COMMU 


A 


B 


C 


UPA 


UPB 


UPC 


0, (Reset State) 


1 


Off 


on, (off) 


off 


on 


off 


off 


1 





off 


off 


on 


on 


off 


off 


2 


1 


off 


off 


on 


off 


on 


off 


3 





on 


off 


off 


off 


on 


off 


4 


1 


on 


off 


off 


off 


off 


on 


5 





off 


on 


off 


off 


off 


on 



DESCRIPTION (Continued) 

appropriate comparison is made. Because the back- 
emf comparison event occurs prior to the time when 
optimum commutation should occur, commutation is 
delayed by a predetermined time after the comparison. 
The commutation delay is provided by a circuit which 
measures the interval between comparison events and 
delays commutation by a time equal to 0.43 of the prior 
interval. (The delay is set at 0.43 not 0.50 in order to 
compensate forcommutation delays and motor current 
build-up time.) The circuit is adaptive and will provide 
the optimum delay for a wide range of motor speeds. 
Since the commutation of motor coils typically causes 
transients, the circuit also provides a noise blanking 
function which prevents response to back-emf com- 
parison events for a period of time equal to 5/7 of the 
interval (between events) after the comparison event. 
The commutation delay can be externally modified by 
±15% with the INCOM pin. The commutation states are 
shown in Table 1 . 

The period counter is loaded with a count of 8333 
initially, and the period measurement results in re- 
sidual counts (ideally zero) in the period counter as it 
counts down during the index to index time. The 
residual count is fed to the proportional DAC (5 bits plus 
sign). When there is no period error the PDAC will 
output 1 12 full scale (2.25/2 volts) from PDAC, too short 
a period will output a lower voltage, and too long a 
period will output a higher voltage, each depending on 
the amount of period error. When the residual count is 
within ± 1 5 counts of zero, the motor status is indicated 
as "in lock." The lower eight bits of the period counter 
are fed to an accumulator which adds the present 
period residue to the previous accumulation thus ac- 
complishing an integrating effect which forces the 
speed error to zero over time. The upper six bits of the 



accumulator are fed to the integral DAC whose output 
is IDAC. Gross period errors will cause PDAC and 
IDAC to saturate at the appropriate extremes to 
achieve the maximum corrective control voltage. 

The outputs PDAC and IDAC are connected to VIN 
with an external resistor network. The resistor values 
are selected to set the required loop response based 
on motor and system requirements. Input pin VIN is the 
non-inverting input of a linear transconductance ampli- 
fier which uses the lower driver transistor that is pres- 
ently active per the commutation state as the power 
driver element. An external resistor is used to sense 
the current in the drive transistor source (and hence the 
motor coil current). The. voltage across the sense 
resistor is amplified by a gain stage (Av=8) and fed to 
the inverting input of the transconductance output 
stage. 

When the speed error is more than 3% slow, 2.25 volts 
is selected as the control voltage in lieu of VIN. Maxi- 
mum motor current is limited to a value such that Imotor 
<2.25V/(4-Rsense). 

Four op erating conditio ns are selected via BRAKE and 
RESET. With BRAKE and RESET asserted (low), 
outputs A, B, and C are low impedance to ground, 
(without current limiting function) and analog circuits 
are de-biased. This is the "sleep" condition . It also 
provides dyna mic brak ing to the motor. With BRAKE 
asserted, and RESET de-asserted, drivers are low 
impedance to ground (without current li mit funct ion) 
and th e analog circuitry is biased. For RESET as- 
serted, BRAKE de-asserted, the output drivers are in a 
high impedance state. This will allow the user to take 
energy from the back-emf of a spinning m otor for 
retr acting he ads. Normal operation is given for BRAKE 
and RESET de-asserted. 
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DESCRIPTION (Continued) 



TABLE 2: Rout Low to SENSE 



BRAKE 


RESET 


CONDITION 


ANALOG 


COUNTERS 


A, B,C 








SLEEP/BRAKE 


OFF 


RESET 


Rout low to SENSE 





1 


BRAKE 


ON 


ACTIVE 


Rout low to SENSE 


1 





RETRACT 


ON 


ACTIVE 


FLOAT 


1 


1 


RUN 


ON 


ACTIVE 


ACTIVE 



Motor starting is accomplish ed with a companion microprocessor utilizing ADVANCE, RESET and COMMU. The 
microprocessor can assert RESET to initialize the commutation counter and then increment the counter with 
ADVANCE. ADVANCE at logic high excludes internal commutations. COMMU provides feedback to the 
microprocessor on motor activity. 



PIN DESCRIPTION 



NAME 


TYPE 


DESCRIPTION 


RESET 


I 


When asserted low, internal counters and registers are cleared. Refer 
to Table 2. 


BRAKE 


I 


BRAKE is used to provide a delay between the initiation of Fault-induced 
head retract and motor braking. A capacitor to ground and a resistor to 
RESET are selected such that 1 .2»R-C is equal to the maximum time 
required for retract. 


SYSCLK 


I 


Reference frequency for motor speed measurement. A 2.000 MHz 
SYSCLK will result in 3600 RPM motor speed for 8-pole motors. 
SYSCLK can be set to other frequencies to obtain a different rotational 
speed or operate with motors other than 8-pole conf igurations (use of 
an external index signal is only valid for 8-pole motors). 


INDX/COMMU 


I/O 


When selected with INDXSEL set high, this pin is used to provide a 
once-per-revolution indication of rotational position and speed to the 
circuit. With INDXSEL low, COMMU (the LSB of the commutation 
counter) is presented as an output. 


INDXSEL 


I 


See above. 


LOCK 





When the motor period is within ±15 counts of nominal, the motor is 
indicated as "in lock" with LOCK high. 


ADVANCE 


I 


ADVANCE is used to increment the commutation counter. The rising 
edge of ADVANCE will increment the counter. ADVANCE held high will 
inhibit internal incrementing of the counter, ADVANCE held low permits 
the normal operation of commutation from back-emf events. 


VM1 -10 




Motor Power Supply. 
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PIN DESCRIPTION (continued) 



NAME 


TYPE 


DESCRIPTION 


INCOM 


I 


Adaptive commutator delay test point. 


PDAC 





Proportional DAC output pin. The proportional channel output is the 
lowest o uns pius sign 01 ine penoa measuring counter, i ne lod sigmiies 
a 2 microsecond period variation for SYSCLK = 2.00 MHz. 


IDAC 





Integral DAC output pin. The integral channel output comes from the 
upper six bits of an eight bit accumulator. The accumulator adds the lower 
eight bits of the period measurement to the previous value obtained from 
prior period measurements and accumulations. 


VIN 


I 


Control Voltage input pin. The internal driver transistors and internal 
predriver circuits form a transconductance amplifier which will set motor 
current in relation to VIN. In conjunction with the SENSE input and the gain 
of the sense amplifier, transconductance (Gm) will be: 
Gm = lm/VIN = 1/(Rs-8). 


SENSE1 
SENSE2 
SENSE3 

QPMQP4 


I 


Current monitoring sense amplifier (high side) input pin. The lower driver 
transistor current (hence motor current) is sent through a current sensing 
resistor to monitor motor current. The circuit will control the voltage across 
this resistor (multiplied by the gain of 8 in the sense amplifier) to match 
either VIN (during normal operation) or internal 2.25V (during low-speed 
operation with Av = 4). 


A, D, O 


r\ 
O 


Motor Drive Outputs. These pins provide drive to the motor coils. 


U I 


1 


Back-EMF input from motor coil center tap. Input connected to the center 
tap for sensing generated back-emf voltages. The circuit uses the back- 
emf voltages to determie rotor position and effect commutation. 


vcc 


- 


5V power pjn. 


V BRAKE 





External capacitor to store charge for driver circuitry. The stored charge 
is used by the lower drivers in fault conditions to achieve dynamic braking. 


GND 




Ground connection. GND is the low side input to the current SENSE 
amplifier and care should be taken to see that GN D and the low side of the 
sense resistor are at the same potential. 


OTSD 





Indicates over temperature condition. 


R RAMP 


1 


External resistor. Sets DV/DTfor lower driver turn-off. DV/DT is approxi- 
mately 4E 10 • R RAMP. 


UNIPOLAR 


1 


Select line for Unipolar or Bipolar mode. 
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ELECTRICAL SPECIFICATIONS 



ABSOLUTE MAXIMUM RATINGS 

(Exposure to conditions in excess of the conditions given below may result in permanent damage or affect 
device reliability.) 



PARAMETER 


RATING 


Supply Voltage 


VCC 


-0.3 to 7V 


VM 


-0.3 to 15V 


Digital Inputs/Outputs 


SYSCLK, ADVANCE 
INDXSEL, INDX/COMMU, 
LOCK 


-0.3 to VCC +0.3V 


Analog I/O 


PDAC, IDAC, VIN 


-0.3 to VCC +0.3V 


Motor Interface Voltage 


CT, A, B, C, BRAKE, 
SENSE, RESET 


-0.3 to 20V 


Motor Interface Current 


A, B, C, VM, SENSE 


-1.0 to +1.0A 


Storage Temperature, Tstg 


-65to150°C 


Lead Temperature, Tlead 


300°C 



RECOMMENDED OPERATING CONDITIONS 



PARAMETER 


SYMBOL 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Supply Voltage 


VCC 




4.75 




5.25 


V 


VM 




4.75 




5.25 


V 


Supply Current 


ICC 




1.0 




10.0 


mA 


ICC, Sleep Mode 




0.05 




1.0 


mA 


IVM 









0.75 


A 


IVM, Sleep Mode 




0.1 




1.5 


mA 


Ambient Temperature 


Ta 









70 


°C 


Capacitive Load 
Digital I/O 


CI 









100 


PF 


Resistive Load 
PROP, INTEGRAL 


Rla 




5000 






Q 


Capacitive Load 
PROP, INTEGRAL 


Cla 









40 


PF 
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ELECTRICAL SPECIFICATIONS (Continued) 
DIGITAL INPUTS 



PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Fmax, SYSCLK 








4.5 


MHz 


Twh, Twl, SYSCLK width high or low 




40 






ns 


External Index, INDX/COMMU (as input) 
Pulse Width 




200 






ns 


Input Leakage, INDX/COMMU 








10 


uA 


Input Leakage, others 








1 


uA 


Vil (EXTINDX, SYSCLK, 
ADVANCE, INDXSEL) 








0.8 


V 


Vih (inputs above) 




2.0 






V 


Vil (RESET, BRAKE) 


VBRAKE >4.5V 






0.8 


V 


Vih (RESET, BRAKE) 


VBRAKE > 4.5V 


2.0 






V 



PROPORTIONAL (PDAC), INTEGRAL (IDAC) OUTPUTS 



PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Output Voltage 


lout < 0.1 mA 
VCC=5.0 V 







2.25V ±5% 


V 


DAC Step Size 


VCC = 5.0V 


0.32 




0.39 


V 


Output Impedance 


0.5V <V out <2.0V 
lout = 0.10 mA 






200 


Q 


Kp, Porportional Gain 




0.70 




0.85 


V/rad/s 


Ki, Integral Gain 




10.48 




12.75 


V/rad 



DIGITAL OUTPUTS, LOCK, INDX/COMMU 



PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Voh 


lout = -100 uA 


2.4 






V 


Vol 


lout = 2.0 mA 






0.4 


V 


Tdts, Time delay to tri-state 
output 


INDXSEL high to high 
impedance on INDX/COMMU 


10 




100 


ns 


Tdoe, Time delay to enable 
as output pin 


INDXSEL low to drive state 


10 




100 


ns 
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ELECTRICAL SPECIFICATIONS (Continued) 
VIN 



PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Input Voltage 









2.25 


V 


Input Current 


< Vin < 2.5V 


-1 




+1 


MA 


OUTPUTS A, B, C 


Routup 


Output in high state 
VM = 4.75V 


0.05 




1.0 


Q 


Routlow 


Output driving low, 
VM = 4.75V 


0.05 




1.0 


Q. 


SENSE 


Vin, SENSE 


Normal operation 


0.0 




0.4 


V 


Low speed operation 


0.0 




0.8 


V 


lin, SENSE 


0.0 < Vin < 1.0V 


-10 




+10 


uA 


Cin 








20 


PF 


Transconductance gain from VIN to motor current (steady-state) will be given by: 
G = Imotor/VIN = 1/Rsense • 8, for rotational speeds greater than 3490 RPM. 


CT 


Rin 


-0.3V <Vin< 15V 


30K 






Q 


Cin 








10 


PF 


V BRAKE 


Ibst (run) 


VCC = 4.75V 






100 


uA 


Ibst (float) 


VCC < 0.5V 






10 


uA 


Ibst (brake) 


VCC < 0.5V 






10 


uA 



OPERATING REQUIREMENTS 



LOCK Indication Range 


SYSCLK = 2.000 MHz, 8-pole 


3593.5 




3606.5 


RPM 


Speed Resolution 




-.012 




+0.012 


% 
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PACKAGE PIN DESIGNATIONS 

(Top View) 



CAUTION: Use handling procedures necessary 
for a static sensitive component. 



INCOM 






36 


] 


LOCK 


PDAC 


c 


2 


35 


] 


INDX/COMMU 


IDAC 


c 


3 


34 


] 


INDXSEL 


RESET 


[ 


4 


33 


] 


ADVANCE 


BRAKE 


c 


5 


32 


] 


SYSCLK 


VIN 


c 


6 


31 


] 


UNIPOLAR 




L 


7 


30 


j 


D DAMP 
n HAMr 


VM1 


C 


8 


29 


] 


vcc 


SENSE1 


C 


9 


28 


] 


SENSE4 


VM2 


C 


10 


27 


] 


VM10 


VM3 


C 


11 


26 


] 


VM9 


C 


[ 


12 


25 


] 


A 


VM4 


C 


13 


24 


] 


VM8 


VM5 


C 


14 


23 


] 


VM7 


SENSE2 


[ 


15 


22 


] 


CT 


V BRAKE 


C 


16 


21 


] 


TEST 


OTSD 


C 


17 


20 


] 


SENSE3 


VM6 


C 


18 


19 


] 


B 



36-Pin SOM 



ORDERING INFORMATION 



PART DESCRIPTION 


ORDER NO. 


PKG. MARK 


SSI 32M701 0, Hall-Sensorless Motor Speed Control 


36-Pin SOM 


32M7010-CM 


32M7010 



Preliminary Data: Indicates a product not completely released to production. The specifications are based on preliminary evaluations and 
are not guaranteed. Small quantities are available, and Silicon Systems should be consulted for current information. 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders. 
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DESCRIPTION 

The (Spindle) Motor Commutator in conjunction with a 
companion microcontroller, provides starting, acceler- 
ating, precise rotational speed regulation functions, 
coasting (for retract), and dynamic brake. The circuit 
can be used with 4-, 8-, or 1 2-pole, 3 phase, brushless 
DC motors without the need for Hall sensors. 

The commutator determines motor armature position 
by monitoring the coil voltage of the winding that is not 
presently being driven by the drivers. The back-emf at 
the coil in conjunction with the state of the output 
drivers, indicates armature position. The back emf is 
compared to a reference (CT) and initiates commuta- 
tion when the appropriate comparison is made. 

(continued) 



FEATURES 

• Optimum commutation without external 
components 

• Retract coast and brake modes supported 

• 1Q FET drivers 

• Commutation without Hall sensors 

• Reduced DV/DT on commutation - no snub- 
ber networks required 

• No blocking diode required 

• Immune to brown outs and load transients 





BLOCK DIAGRAM 



INCOM [ 
UNIPOLAR 
N/C 
RESET 
BRAKE 
VIN 
GND 
VM1 
SENSE1 
VM2 
VM3 
C 

VM4 
VM5 
SENSE2 
V BRAKE 



OTSD 
VM6 [ 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 



36 ] ADVANCE 
35 ] COMMU 

N/C 
33 p N/C 
32 P REVCLK 
SYSCLK 
R RAMP 



29 ] VCC 



28 
27 
26 
25 
24 
23 
22 
21 
20 
19 



SENSE4 

VM10 

VM9 

D a 

VM8 

VM7 

CT 

TEST 

SENSE3 

D B 



36-Pin SOM 
PIN DIAGRAM 



CAUTION: Use handling procedures necessary 
for a static sensitive component. 
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DESCRIPTION (Continued) 
Because the back-emf comparison event occurs prior 
to the time when optimum commutation should occur, 
commutation is delayed by a predetermined time after 
the comparison. The commutation delay is provided by 
a circuit which measures the interval between prior 
comparison events and delays commutation by a time 
equal to 0.43 of the prior interval. (The delay is set at 
0.43 not 0.50 in order to compensate for commutation 
delays and motor current build-up time.) The circuit is 
adaptive and will provide the optimum delay for a wide 
range of motor speeds. Since the commutation of 
motor current typically causes transients, the circuit 
also provides a noise blanking function which prevents 
response to back-emf comparison events for a period 
of time equal to 0.71 of the interval (between events) 
after the comparison event. The commutation delay 
can be externally modified by ±15% with the INCOM 
pin. The commutation states are shown in Table 1 . 

Input pin VIN is the non-inverting input of a linear 
transconductance amplifier which uses the lower 
driver transistor that is presently active perthe commu- 
tation state as the power driver element. An external 
resistor is used to sense the current in the drive 
transistor source (and hence the motor coil current). 



The voltage across the sense resistor is amplified by a 
gain stage (Av=4) and fed to the inverting input of the 
transconductance output stage. Input voltage VIN 
must be generated from external means that use either 
RE VCLK or other external rotational index indicators to 
measure rotational speed. 

Four op erating conditio ns are selected via BRAKE and 
RESET. With BRAKE and RESET asserted (low), 
outputs A, B, and C are low impedance to ground, 
(without current limiting function) and analog circuits 
are de-biased. This is the "sleep" condition . It also 
provides dyna mic brak ing to the motor. With BRAKE 
asserted, and RESET de-asserted, drivers are low 
impedance to ground (without current li mit funct ion) 
and th e analog circuitry is biased. For RESET as- 
serted, BRAKE de-asserted, the output drivers are in a 
high impedance state. This will allow the user to take 
energy from the back-emf of a spinning m otor for 
retr acting he ads. Normal operation is given for BRAKE 
and RESET de-asserted. 

Note that circuit utilizes NMOS driver transistors and 
does not require a Schottky blocking diode to prevent 
current flow from the spinning motor to the power 
supply. During RETRACT conditions, the motor is 
isolated from VM. 



TABLE 1 : Output Driver States 







PULL DOWNS 




PULL UP 




STATE 


COMMU 


A 


B 


C 


UPA 


UPB 


UPC 


0, (Reset State) 


1 


off 


on, (off) 


off 


on 


off 


off 


1 





off 


off 


on 


on 


off 


off 


2 


1 


off 


off 


on 


off 


on 


off 


3 





on 


off 


off 


off 


on 


off 


4 


1 


on 


off 


off 


off 


off 


on 


5 





off 


on 


off 


off 


off 


on 



TABLE 2: Rout Low to SENSE 



BRAKE 


RESET 


CONDITION 


ANALOG 


COUNTERS 


A, B,C 








SLEEP/BRAKE 


OFF 


RESET 


Rout low to SENSE 





1 


BRAKE 


ON 


ACTIVE 


Rout low to SENSE 


1 





RETRACT 


ON 


ACTIVE 


FLOAT 


1 


1 


RUN 


ON 


ACTIVE 


ACTIVE 



Motor starting is accomplish ed with a companion microprocessor utilizing ADVANCE, RESET and COMMU. The 
microprocessor can assert RESET to initialize the commutation counter and then increment the counter with 
ADVANCE. ADVANCE at logic high excludes internal commutations. COMMU provides feedback to the 
microprocessor on motor activity. 
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PIN DESCRIPTION 



NAME 


TYPE 


DESCRIPTION 


RESET 


I 


Refer to Table 2. 


BRAKE 


I 


BRAKE is used to provide a delay between the initiation of Fault-induced 
head retract and motor braking. A capacitor to ground and a resistor to 
RESET are selected such that 1 .2-R-C is equal to the maximum time 
required for retract. 


SYSCLK 


I 


2.0 MHz clock input signal. ^ 


COMMU 





COMMU is the LSB of the commutation counter. 


REVCLK 





Indicates 1 revolution of 4-pole motor, 1/2 revolution of 8-pole, and 1/3 
revolution of 1 2-pole motor. 


ADVANCE 


I 


ADVANCE is used to increment the commutation counter. The rising 

pHnp of ADVANfiF will inorpmpnt thp roi mtpr ADVANC^F hplH hinh will 

\7VjIUw \J 1 #\L/ V r\\ ivL Will II IVsl v 1 1 ICI 11 11 IU VsVJvJI Hd . / * I— ' V #VI >l 1 1 IV~1 1 ll^l 1 W III 

inhibit internal incrementing of the counter, ADVANCE held low permits 
the normal commutation due to back-emf events. 


VM 1 -10 


Power 


Motor Power Supply. 


INCOM 


I 


Adaptive commutator delay trim. Generally a no-connect. 


VIN 


I 


Control Voltage input pin. The internal driver transistors and internal 
predriver circuits form a transconductance amplifier which will set motor 
current in relation to VIN. In conjunction with the SENSE input and the 
gain of the sense amplif ier, transconductance (Gm) will be Gm = Im/VIN 
= 1/ (Rs«4). The voltage at VIN must be controlled by external circuitry 
to accomplish speed control. 


SENSE1 
SENSE2 
SENSE3 
SENSE4 


Power 


Current monitoring sense amplifier (high side) input pin. The lower 
driver transistor current (hence motor current) is sent through a current 
sensing resistor to monitor motor current. The circuit will control the 
voltage across this resistor (multiplied by the gain of 4 in the sense 
amplifier) to match VIN. 


A, B,C 





Motor Drive Outputs. These pins provide drive to the motor coils. 


CT 


I 


Back-EMF input from motor coil center tap. Input connected to the 
center tap for sensing generated back-emf voltages. The circuit uses 
the back-emf voltages to determine rotor position and effect commuta- 
tion. 3 equal value resistors from A, B, and C attached to CT will suffice 
to synthesize a center-tap potential on three terminal motors. 4 terminal 
motors should use this terminal. 


VCC 


Power 


5-volt power pin. 
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PIN DESCRIPTION (continued) 



NAME 


TYPE 


DESCRIPTION 


V BRAKE 





External capacitor to store charge for driver circuitry. The stored charge 
is used by the lower drivers in fault conditions to achieve dynamic braking. 


GND 




Ground connection. GND is the tow side input to the current SENSE 
amplif ier and care shou Id be taken to see that GN D and the low side of the 
sense resistor are at the same potential. 


\J 1 ou 




inaicaies over lemperaiure condition ana Torces drivers on. uperauon 
after cool down is restored by asserting ADVANCE. 


R RAMP 


1 


External resistor. Sets DV/DTfor lower driver turn-off. DV/DT is approxi- 


UNIPOLAR 


1 


Select line for Unipolar or Bipolar mode. UNIPOLAR = low will de-activate 
upper drivers. Note: for BRAKE and SLEEP modes user must guarantee 
that external Unipolar driver transistor(s) do not conflict with lower driver 
transistors on circuit. 


TEST 


I/O 


No connect, leave open circuited. 



ELECTRICAL SPECIFICATIONS 



ABSOLUTE MAXIMUM RATINGS 

(Exposure to conditions in excess of the conditions given below may result in permanent damage or affect 
device reliability.) 



PARAMETER 


SYMBOL 


MIN 


MAX 


UNIT 


Supply Voltage 


vcc 


-0.3 


7 


V 


VM 


-0.3 


7 


V 


Digital Inputs/Outputs 


SYSCLK, ADVANCE 
COMMU, REVCLK 


-0.3 


VCC +0.3 


V 


Analog I/O 


VIN, RRAMP, 
INCOM.TEST 


-0.3 


VCC +0.3 


V 


Motor Interface Voltage 


CT, A, B, C, BRAKE, 
SENSE, RESET 


-0.3 


20 


V 


Motor Interface Current 


A, B, C, VM, SENSE 


-1.0 


+1.0 


A 


Storage Temperature, 
Tstg 




-65 


150 


°c 


Lead Temperature, Tlead 






300 


°C 
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ELECTRICAL SPECIFICATIONS 
RECOMMENDED OPERATING CONDITIONS 



PARAMETER 


SYMBOL 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Supply Voltage 


vcc 




4.75 




5.25 


V 


VM 




4.75 




5.25 


V 


Supply Current 


ICC 




1.0 




10.0 


mA 


ICC, Sleep Mode 




0.05 




1.0 


mA 


IVM 









0.75 


A 


IVM, Sleep Mode 









1.5 


mA 


Ambient Temperature 


Ta 









70 


°C 


Capacitive Load 
Digital I/O 


CI 









100 


PF 


DIGITAL INPUTS 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Fmax, SYSCLK 




1.0 


2.0 


4.5 


MHz 


Twh, Twl, SYSCLK width high or low 




40 






ns 


Advance Pulse Width 




200 






ns 


Input Leakage, others 








1 


MA 


Vil (SYSCLK, ADVANCE) 








0.8 


V 


Vih (inputs above) 




2.0 






V 


Vil (RESET, BRAKE) 


VBRAKE > 4.5V 






0.8 


V 


Vih (RESET, BRAKE) 


VBRAKE > 4.5V 


2.0 






V 


DIGITAL OUTPUTS, COMMU, REVCLK 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Voh 


lout = -100 jiA 


2.4 






V 


Vol 


lout = 2.0 mA 






0.4 


V 


VIN 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Input Voltage 









2.25 


V 


Input Current 


< Vin < 2.5V 


-1 




+1 


pA 
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ELECTRICAL SPECIFICATIONS (Continued) 
OUTPUTS A, B, C 



PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Routup 


Output in high state 
VM = 4.75V 


0.05 




1.0 


Q 


Routlow 


Output driving low, 
VM = 4.75V 


0.05 




1.0 


Q 


SENSE 


Vin, SENSE 


Normal operation 


0.0 




0.5 


V 


lin, SENSE 


0.0 < Vin < 1.0V 


-10 




+10 


MA 


Cin 








20 


PF 


Transconductance gain from VIN to motor current (steady-state) will be given by: 
G « Imotor/VIN = 1/Rsense • 4. 


CT 


Rin 


-0.3V <Vin< 15V 


30K 






Q 


Cin 








10 


PF 


V BRAKE 


Ibst (run) 


VCC = 4.75V 






100 


LlA 


Ibst (float) 


VCC £ 0.5V 




25 


100 


ma 


Ibst (brake) 


VCC < 0.5V 




3 


10 


ma 
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PACKAGE PIN DESIGNATIONS 

(Top View) 



CAUTION: Use handling procedures necessary 
for a static sensitive component. 



INCOM 


[ 




36 


] 


ADVANCE 


UNIPOLAR 


L 


2 


35 


] 


COMMU 


N/C 


L 


3 


34 


] 


N/C 


RESET 


L 


4 


33 


] 


N/C 


RRAKF 
Drtr\r\L_ 


r 
L 


e 
D 


od. 


J 




VIN 


c 


6 


31 


] 


SYSCLK 


GND 


c 


7 


30 


] 


R RAMP 


VM1 


c 


8 


29 


] 


VCC 


SENSE1 


c 


9 


28 


] 


SENSE4 


VM2 


c 


10 


27 


] 


VM10 


VM3 


c 


11 


26 


] 


VM9 


C 


c 


12 


25 


3 


A 


VM4 


c 


13 


24 


] 


VM8 


VM5 


c 


14 


23 


] 


VM7 


SENSE2 


[ 


15 


22 


] 


CT 


V BRAKE 


[ 


16 


21 


D 


TEST 


OTSD 


c 


17 


20 


1 


SENSE3 


VM6 


[ 


18 


19 


: 


B 




36-Pin SOM 
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DESCRIPTION 

The SSI 32C9001 is an advanced CMOS VLSI device 
which integrates major portions of the hardware 
needed to build an ATA disk drive. The circuitry of the 
SSI 32C9001 includes a complete ATA interface, an 
advanced buffer manager, a high performance disk 
formatter and an 88 bit Reed-Solomon ECC with fast 
"on-the-fly" hardware correction. The SSI 32C9001 
provide? maximum performance while minimizing 
micro controller intervention. 

The SSI 32C9001 is capable of concurrent transfers of 
up to 48 megabits per second on the disk interface and 
6 megawords (1 6 bit transfers) per second across the 
ATA bus. In addition, on-the-fly error corrections and 
micro controller accesses to the buffer memory will not 
degrade the throughput during transfers. 

The high level of integration within the SSI 32C9001 
represents a major reduction in parts count. When the 
SSI 32C9001 ATA Controller is combined with the 

(continued) 
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FEATURES 



ATA Interface 

- Single Chip PC AT Controller 

- Full ANSI ATA Compliance 

- Direct PC Bus connection with on board 24 
m A drivers 

- PC transfers to 6 megawords/second 

- Supports PIO, DMA and EISA Class B 
Demand DMA 

- Logic for daisy chaining 2 drives 

- Automatic command decoding of write, 
write buffer and format commands. 

- Automatic updates of the host task file 
registers in both Cyl/Hd/Sec and LBA 
modes 

- Hardware added to provide Multi-Sector 
data transfers without microprocessor 
intervention (continued) 



BLOCK DIAGRAM 



BD (7:0) 
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DESCRIPTION (continued) 

SSI 32R2010 Read/Write device, the SSI 32P3000 
Pulse Detector, the SSI 32D5391 Data Synchronizer 
with 1 ,7 ENDEC, the 32H4631 Servo and Motor Speed 
Controller, an appropriate micro controller and 
memory, a complete, cost efficient, high performance 
intelligent drive solution is created. 

FEATURES (continued) 

- Automatic Host Interrupt and Busy for 
multiple sector transfers 

- 16 byte FIFO to Improve performance 

- Power Down I/O pins 
• Buffer Manager 

- Direct support of DRAM or SRAM 

- SRAM: up to 256k bytes of memory with 
throughput to 20 megabytes per second 

- DRAM: up to 1 megabyte of memory with 
throug hput to 1 7.78 megabytes per second 

- Programmable memory timing 

- Supports page mode DRAM access 

- Programmable page mode burst length 

- Programmable DRAM refresh period 

- Buffer RAM segmentation with flexible 
segment sizes from 256 bytes to 1 
megabyte 

- Dedicated host, disk and microprocessor 
address pointers 



- Buffer Streaming with internal buffer 
protection circuit providing buffer integrity 

- Multiple sector host transfers 

• Disk Formatter 

- NRZ Data Rates to 48 megabits per second 

- Automatic multi-sector transfer 

- Header or microprocessor based split data 
field support 

- Advanced sequencer organized in 31 x 5 
bytes 

- Advanced branch and interrupt logic 

- 88-bit Reed Solomon ECC with "on-the-f ly " 
fast hardware correction circuitry 

- Capable of correcting up to four 10-bit 
symbols in error 

- Guaranteed to correct one 31 -bit burst or 
two 11 -bit bursts 

- Hardware on-the-f ly correction of either an 
11- or 31 -bit single burst error within a 
quarter sector time 

- Detects up to one 51 -bit burst or three 1 1 - 
bit bursts 

• Microprocessor Interface 

- Supports both multiplexed or non- 
multiplexed microprocessors 

Separate host and disk interrupts 

• Other Features 

- Internal power down mode 

- Available in 1 00-pin QFP or TQFP 



32C9340 



32/48 Mbit/s NRZ, 
PCMCIA/ATA Controller, 
88-Bit FVS ECC 
3V/5V 



32 Mbit/s NRZ, 
AT Controller, 
56-Bit ECC 



48 Mbit/s NRZ, r 
AT Controller, I 32C9001 | 
88-Bit R/S ECC L 



| 32C9342 I 

48 Mbit/s NRZ, 
PCMCIA/ATA Controller, 
88-Bit R/S ECC 
Dual-Bit NRZ 
3V/5V 



32C9301 



32/48 Mbit/s NRZ, 
ATA Controller, 
88-Bit R/S ECC 
3V/5V 



32 Mbit/s NRZ, 

H 32C9010 SCSI Controller, 
1 r- — J 88-Bit R/S ECC 



48 Mbit/s NRZ. 
SCSI Controller, 
88-Bit R/S ECC 



32C9302 



32/48 Mbit/s NRZ. 
ATA Controller, 
88-BH R/S ECC 
Dual-Bit NRZ 
3V/5V 



| 48 Mbit/s NRZ, 

r~~~| SCSI Controller, 

1 3Z ^ 90Z Z 1 88-Bit R/S ECC 

I Dual-Bit NRZ 



I 32C9023 | 

72 Mbit/s NRZ. 
SCSI Controller. 
88-Bit R/S ECC 
Dual-Bit NRZ 



FIGURE 1: Silicon Systems 1 Disk Controller Chip Hierarchy 

8-2 



SSI 32C9001 
PC-AT Combo Controller 
With Reed Solomon, 48 Mbit/s 



FUNCTIONAL DESCRIPTION 

The SSI 32C9001 contains the following four major 
functional blocks: 

Microprocessor Interface 

ATA Interface 

Disk Formatter 

Buffer Manager 

The Microprocessor Interface allows the local 
microprocessor access to all of the SSI 32C9001 
internal control registers and any location within the 
buffer memory. The microprocessor, by writing and 
reading the internal registers, can control all activities 
of the SSI 32C9001 . The microprocessor can elect to 
perform host and/or disk operations directly, or it can 
enable the advanced features of the SSI 32C9001 
which can perform these operations automatically. 

The ATA Interface block handles all PC AT bus 
activities. The ATA interface includes 24 mA drivers 
allowing for direct connection of the SSI 32C9001 to 
the PC AT bus. The ATA interface block is highly 
automated, capable of performing multiple block 
transfers without micro controller involvement. The 
ATA block interfaces directly with the Buffer Manager 
via an internal speed matching FIFO. This FIFO, the 
bandwidth capabilities of the Buffer Manager, plus the 
advanced features of the ATA Interface guarantee 
sustained full speed transfers across the PC AT bus. 

The Disk Formatter performs the serialization and 
deserialization of data. It provides all of the necessary 
functions to control track formatting, header search, 
and the reading and writing of data. The heart of the 
Disk Formatter is an advanced programmable 
sequencer. The sequencer can contain 31 
instructions, each of which is 5 bytes (40 bits) in width. 
The width of the instructions allows for sophisticated 
branching techniques which increase the flexibility and 
power of the sequencer. The disk interface can be 
configured through a wide range of capabilities, 
allowing the SSI 32C9001 to interface with nearly any 



read/write channel. This allows the user of the SSI 
32C9001 to select the read/write channel best suited to 
the device. Of course, by selecting the SSI 32C9001 
controller and the SSI 32D5391 Data Synchronizer 
with 1,7 ENDEC, you are guaranteed a problem free 
interface. 

Within the Disk Formatter are the ECC generator/ 
checker and ECC corrector. The generator/checker 
provides the ability to generate or check a 32 bit ECC 
for headers and an 88 bit Reed Solomon code for data. 
If the checker detects an error using the 88 bit Reed 
Solomon code, the syndrome information is 
transferred into the corrector. The corrector then 
performs the necessary operations to determine if the 
error was correctable and, if it was correctable, the 
corrector interfaces directly with the buffer controller 
and performs the correction automatically. The 
corrector performs its correction within one quarter of 
a sector. This guarantees that the corrector will always 
be available to correct the next sector if necessary. 

As its name implies, the Buffer Manager manages the 
data buffer of the controller. The Buffer Manager can 
support either SRAM or DRAM. When configured to 
operate with DRAM, the Buffer Manager automatically 
performs necessary refresh cycles. The buffer 
manager creates all of the necessary timing and 
control signals for a wide range of memory types and 
speeds. Besides interfacing with the buffer memory, 
the Buffer Manager interfaces with the ATA Interface 
block, the Disk Formatter block, the ECC corrector and 
the microprocessor. If more than one of these devices 
requires access to the buffer memory, the Buffer 
Manager arbitrates the requests automatically. The 
Buffer Manager of the SSI 32C9001 can sustain ATA 
operations at the rate of 6 megawords per second, Disk 
Formatter operations at 48 megabits per second (6 
megabytes per second) and still has sufficient band 
width left to handle on-the-fly ECC corrections and 
microprocessor accesses without degrading 
performance on any of the interfaces. 
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PIN DESCRIPTION 

The following convention is used in the pin description: 
(I) denotes an input 
(O) denotes an output 
(I/O) denotes a bidirectional signal 
(Z) denotes a tri-state output 
(OD) denotes an open drain output 



Active low signals are denoted by a b ar on t op of the signal name and dual function pins are denoted with a 
slash between the two signals — A9/HCS1 . 

GENERAL 



NAME 


TYPE 


DESCRIPTION 


VDD 




POWER SUPPLY PIN, VCC 


GND 




GROUND 


HOST INTERFACE 


A(2:0) 


I 


HOST ADDRESS LINES. The Host Address lines A(2:0) are used to access 
the various PC/AT control/status, and data registers. 


A9/HCS1 


I 


HOST ADDRESS LINE 9/HOST CHIP SELECT 1 . This is a multiplexed input 
pin. When Register 48H-bit 3 is reset this input is HOST ADDRESS LINE 9; 
when the bit is set this input is HOST CHIP SELECT 1 . 


HCSO 


I 


HOST CHIP SELECT 0. This pin selects access to the control, status and data 
registers. 


IOCS16 


OD 


1 6 BIT DATA TRANSFER. An open drain active low output that indicates that 
a 1 6-bit transfer is active. 


HINT 


o,z 


HOST INTERRUPT. Asserted active high to indicate to the Host that the 
controller needs attention. 


IOCHRDY 


o,z 


I/O CHANNEL READY. Active low, this signal is asserted to extend the host's 
I/O cycle. 


DREQ 


o,z 


DMA REQUEST. The active high DMA Request signal is used during DMA 
transfer between the Host and the controller to initiate DMA Transfers. 


DACK 


I 


DMA ACKNOWLEDGE. This active low signal is used during DMA to com- 
plete the DMA handshake for data transfer between the host and the 
controller. 


IOR 


I 


INPUT READ SELECT. This active low pin is asserted by the Host during a 
Host read operation. When asserted with HCSO , HCS1 , or DACK, data from 
the device is enabled onto the host data bus. 


TOW 


I 


INPUT WRITE SELECT. Asserted active low by the Host during a Host write 
operation. When asserted with HCSO , HCS1 , or DACK, data from the host 
data bus is strobed into the device. 
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HOST INTERFACE (continued) 



NAME 


TYPE 


DESCRIPTION 


HRESET 


I 


HOST RESET. This active low signal stops all commands in progress and 
initializes the control/status registers — see Design Guide for Register Reset 
conditions. This signal can also "wake up" the device while it is in power down 
mode. 


HDB (15:0) 


I/O 


HOST DATA BUS. These bits are used for word transfers between the Buffer 
Memory and the Host; note that for transferring commands, status or ECC only 
bits (7:0) are used. 


DISK INTERFACE 


INDEX 


I 


INDEX. This input is a pulse that occurs once per revolution and defines the 
start of a physical track. 


INPUT 


I 


DISK SEQUENCER INPUT. A general purpose input pin used to synchronize 
the disk sequence to an external event. 


OUTPUT 





DISK SEQUENCER OUTPUT. This pin is controlled by bit 2 of the Control 
Field of the disk sequencer. 


WAM/ 
AMD/ 
SEC 


I/O 


WRITE ADDRESS MARK/ADDRESS MARK DETECT/SECTOR. This pin is 
configured to operate in Hard or Soft Sector mode by initializing the Disk 
Formatter Mode Control Register: 4FH, bit 1. In the hard sector mode it is used 
as the sector input — a pulse on this pin indicates the beginning of a sector. 

In the soft sector mode, an active low output is asserted when formatting to 
allow writing of an address mark. When reading, an active low input indicates 
an address mark was detected. The device powers up in soft sector mode. 


RG 





READ GATE. This active high output enables the reading of the disk. It is 
asserted by the sequencer Control Field bits 5 and 6. It is automatically 
deasserted at the end of the CRC or ECC. 


WG 





WRITE GATE. This active high output enables writing onto the disk. It is 
asserted and deasserted by the sequencer Control Field bits 5 and 6. 


RRCLK 


I 


READ/REFERENCE CLOCK. This pin is used in conjunction with the NRZ pin 
to clock data in and out of the SSI 32C9001 device. This input must be glitch- 
free to ensure correct operation of the chip. 


NRZ 


I/O 


NON RETURN TO ZERO. This signal is the serial read data input from the disk 
drive when the read gate signal is asserted ; it is the write data output to the disk 
drive when the write gate signal is asserted. 
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PIN DESCRIPTION (continued) 



MICROPROCESSOR INTERFACE 



NAME 


TYPE 


DESCRIPTION 


RST 


I 


RESET. An asserted active low input generates a component reset that holds 
the internal registers of the SSI 32C9001 at reset, stops all operations within 
the chip, and deasserts all output signals. All input/output signals and Host 
outputs are set to the high-Z state. 


ALE/M/NM 


I 


ADDRESS LATCH ENABLE/MULTIPLEXED/NON-MULTIPLEXED AD- 
DRESS SELECT. When tied high, the microprocessor interface is configured 
as non-multiplexed. When driven low, the microprocessor interface is config- 
ured as multiplexed. In this case this pin functions as the address latch enable, 
and the MA(7:0) pins are the demultiplexed address outputs. 


CS 


I 


CHIP SELECT. This signal must be asserted high for all microprocessor 
accesses to the registers of this chip. 


WR/R/W 




WRITE STROBE/READ/WRITE. In the Multiplexed address/data bus mode, 
when an active low signal is present with CS signal asserted high, the data on 
the AD0:7 is written to the internal registers. 

In the Non-Multiplexed address/data bus mode, this signal acts as the R/W 
signal. A high on this input along with the RD/DS signal asserted and the CS 
signal asserted high indicates a read operation. A low on this input along with 
the RD/DS signal asserted and the CS signal asserted high indicates a write 
operation. See table below. 

CS WR/R/W EE/DS Mux/Non-Mux Action 
High Low High Intel Multiplexed Write to internal registers. 
High High Low Intel Multiplexed Read from internal registers. 
High Low High Motorola Multiplexed Write to internal registers. 
High Low Low Non-Multiplexed Write to internal registers. 
High High High Motorola Multiplexed Read from internal registers. 
High High Low Non-Multiplexed Read from internal registers. 
Low X X MorN No action. 
Note: X denotes don't care. 


RD/DS 


I 


READ STROBE/DATA STROBE. In the Multiplexed address data bus mode, 
when an active low signal is present with CS signal high, internal registers will 
be accessed. 

In the Non-Multiplexed address data mode, this signal acts as the DS signal. 
A high on R/W, with the CS and DS signals asserted, indicates a read 
operation. A low on the R/W signal, with the DS and the CS symbols asserted, 
indicates a write operation to the internal registers. Note: DS is active high in 
multiplexed mode, active low in non-multiplexed. 
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MICROPROCESSOR INTERFACE (continued) 



NAME 


TYPE 


DESCRIPTION 


DINT 


0, OD 


INTERRUPT. This signal Is an interrupt line to the microprocesor. It is the 
combined interrupt line of the disk side and host side interrupts when pin RDY/ 
AINT is programmed as ready; otherwise , it only signals the occurrence of disk 
side interrupt events. This signal is programmable for either a push-pull or 
open-drain output circuit. This signal powers up as an open drain output. May 
be programmed as active high or low; reset state is active low. 


AD(7:0) 


I/O 


ADDRESS/DATA BUS. When configured in the Multiplexed address data 
mode, these lines are multiplexed, bidirectional data path to the microproces- 
sor. During the beginning of the memory cycle the bus captures the low order 
byte of the microprocessor address. These lines provide communication with 
the controller device's internal registers and the buffer memory. 

When configured in the Non-Multiplexed Microprocessors mode, these lines 
are bidirectional data lines only. 


MA(7:0) 


I/O 


MICROPROCESSOR ADDRESS BUS. This 8-bit output bus is the AD(7:0) 
bus latched by the ALE pin during the address phase of a Multiplexed address 
data type microprocessor cycle. These signals are the address input when 
used with a non-multiplexed bus microprocessor. 


READY/AINT 





READY. When this signal is deasserted tow, the microprocessor inserts wait 
states to allow time for the chip to respond to the access. Wait states are 
programmed by Buffer Mode Control Register — 53H: bits 7-6. 


0, OD 


AINT: AT BUS INTERRUPT. This signal is asserted when the controller is 
requesting microprocessor service from the AT host bus side. This signal is 
programmable for either a push-pull or open-drain output circuit. This signal 
powers up as the READY signal. AINT may be programmed as active high or 
low; reset state is active low. 


BUFFER MANAGER INTERFACE 


BA(15:0) 





BUFFER MEMORY ADDRESS LINES 0:15. These sixteen outputs provide 
address lines for the dynamic memory or static memory chips used to 
implement the buffer memory. 


BA16/RAS 





BUFFER MEMORY ADDRESS 16. In SRAM mode, this pin generates the 
address A1 6 for direct connection to a Static RAM address line 1 6. 

ROW ADDRESS STROBE. This active low output signal is generated to 
strobe the row — high order — address into the dynamic RAMs. It is intended 
to be directly tied to the RAMs input control pin. 


BA17/CAS 





BUFFER MEMORY ADDRESS 17. In SRAM mode, this pin generates the 
address A17 for direct connection to a Static RAM address line 1 7. 

COLUMN ADDRESS STROBE: This output signal is generated to strobe the 
column — low order address — into the dynamic RAM devices. 
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PIN DESCRIPTION (continued) 



MICROPROCESSOR INTERFACE (continued) 



BD(7:0) 


I/O 


BUFFER MEMORY DATA BUS. These eight signals are bits 7-0 of the 8-bit 
parallel data lines to/from the buffer memory. Note that BD6 is used to select 
between the Intel- and Motorola-style microprocessor interfaces. If BD6 is 
externally pulled up when RST is asserted, Intel mode is used; if BD6 is 
externally pulled down when RST is asserted, Motorola mode is used. 


MOE 





MEMORY OUTPUT ENABLE. This active low output controls the enabling of 
data onto the data bus by the dynamic RAMs or to indicate when a buffer 
memory read is active in SRAM mode. 


WE 





WRITE ENABLE. This active low output signal is used to strobe the data into 
the RAMs from the Data bus. For both buffer memory applications, this line is 
tied directly to the SRAM or DRAM control pin. 


SYSCLK 


I 


SYSTEM CLOCK. This signal is used to synchronize the buffer RAM access, 
including the generation of memory address lines, write enable WE, and 
memory output enable MOE. In power down mode, this signal is shut off from 
the internal logic and hence buffer memory access is inhibited. 


MS 





MEMORY SELECT. This signal is asserted low when there is a read or write 
access to the buffer RAM. The timing of the MS pin follows that of the address 
pins. This signal is used to deselect the buffer RAM when not in use so that 
power can be saved. 



ELECTRICAL SPECIFICATIONS 
ABSOLUTE MAXIMUM RATINGS 

Maximum limits indicate where permanent device damage occurs. Continuous operation at these limits is not 
intended and should be limited to those conditions specified in the DC operating characteristics. 



PARAMETER 


RATING 


Power Supply Voltage, VCC 


7V 


Ambient Temperature 


0to70°C 


Storage Temperature 


-65 to 150 °C 


Power Dissipation 


750 mW 


Input, Output pins 


-0.5 to VCC+0.5V 



ELECTRICAL CHARACTERISTICS 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


VCC Power Supply Voltage 




4.5 




5.5 


V 


ICC Supply Current 








50 


mA 


ICCS Supply Current 


Note 1 






250 


MA 


VIL Input Low Voltage 


except RESET pin 


-0.5 




0.8 


V 


VIH Input High Voltage 


except RESET pin 


2.0 




VCC+0.5 


V 
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ELECTRICAL CHARACTERISTICS (continued) 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


VIL Input Low Voltage 


Reset Pin 


-0.5 




1.7 


V 


VIH Input High Voltage 


Reset Pin 


2.5 




VCC+0.5 


V 


VOL Output Low Voltage IOL = 2 mA 


Note 2 






0.4 


V 


VOL Output Low Voltage IOL » 24 mA 


Note 3 






0.5 


V 


VOH Output High Voltage IOH = -400 uA 




2.4 






V 


IL Input Leakage Current < VIN < VCC 




-10 




10 


uA 


CIN Input Capacitance 








10 


PF 


COUT Output Capacitance 








10 


PF 



Note: (1) Synchronization and Clock Control Register, 7FH: bits 3 and 4 set. RRCLK and SYSCLK 
internally inhibited. 

(2) All interface pins except Host Interface pins. 

(3) Host Interface pins. 



MULTIPLEXED BUS MICROPROCESSOR INTERFACE TIMING PARAMETERS (Figures 2 through 5) 



Ta 


Ale Width 




20 






ns 


Tma 


Address valid to MA0.7 valid 








30 


ns 


Tr 


RD Width 




80 






ns 


As 


Address Valid to ALE I 




5 






ns 


Ah 


ALE i to Address Invalid 




10 






ns 


Cs 


CS Valid to RD i or DS t 




20 






ns 


Ch 


RD t or DS i to CS i 











ns 


Tda 


RD I or DS t to Read Data Valid 








60 


ns 


Tds 


DS width 




80 






ns 


Tdh 


RD T to Read Data Invalid 









25 


ns 


Tsrw 


R/W valid to DS T 




20 






ns 


Thrw 


DS i to R/W Invalid 




20 






ns 


Tdrdy 


RD I to READY i (Intel) or 
DS t to READY i (Motorola) 








30 


ns 


Wds 


Write data valid to WR T or DS i 




40 






ns 


Wdh 


WR T or DS I to write data invalid 




10 






ns 


Note: 


T indicates rising edge 


I indicates falling edge 
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AD0:7 



i_As_,_Ah^, 



Tda • 1 



CS 



RTJ 



READY 



:> r 

tJ u«-_Tdrdy 

1 i 



1 W-Tm 



FIGURE 2: Intel Register Read Timing 



ALE 



AD0:7 



CS 



Ta 



As ' Ah 



Tdh 



' , Tda 



I 



V 



Cs 



Tds 



Ch 



DS 



R/W 



READY 



MA0:7 



nTsrwi- 



-Thrw 



r 

U#_Tdrdy 



-Tma 



FIGURE 3: Motorola Register Multiplexed Read Timing 
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ALE 



AD(7:0) 



Ah 



Wds Wdh 
<4 — ► 



cs 



WE 



Cs 



"V. 



Tw 



Ch 



READY 



MA(7:0) 



TV 



f+— Tdrdy 



-Tma 



FIGURE 4: Intel Register Multiplexed Write Timing 



ALE 



AD(7:0) 



I i 
i ^ — i 



As ■ Ah , 



Wds Wdh 



CS 



IT 



Cs 



Tds 



DS 



f 



R/W 



►(Tsrw m 



-Thrw 



READY 



MA(7:0) 



r 



-Tdrdy 



-Tma 



■k: 



FIGURE 5: Motorola Register Multiplexed Write Timing 
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ELECTRICAL SPECIFICATIONS (continued) 

NON-MULTIPLEXED BUS MICROPROCESSOR INTERFACE TIMINGS (Figure 6) 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


Tmas 


MA(7:0) valid to DS I 




5 






ns 


Tmah 


DS T to MA(7:0) invalid 




5 






ns 


Cs 


CS valid to DS i 




20 






ns 


Ch 


DS T to CS I 











ns 


Tda 


DS I to read data valid 








60 


ns 


Tds 


DS width 




80 






ns 


Tdh 


DS t to read data invalid 









25 


ns 


Tsrw 


R/W valid to DSi 




20 






ns 


Thrw 


DS T to R/W invalid 




20 






ns 


Tdrdy 


DS i to READY i (Motorola) Note3 








30 


ns 


Wds 


Write data valid to R/W T or DS T 




40 






ns 


Wdh 


R/W T or DS T to write data invalid 




10 






ns 


Note 1: 


T indicates rising edge 


4 indicates falling edge 








Note 2: 


Loading capacitor = 30pF 








Note 3: 


Ready is not shown and is not used by Motorola processors. Timing provided for information only. 



ALE 








Tmas 


Tmah 


MA(7fl) 


iDn 

1 i 


il — 


CS 












DS 


'~r 


-Tds *y 


READ TIMING 


1 Tda 

r*— »i 


| Tdh 


AD(7:0) OUT 


: X 


! ) 

, i 


R/W 


1 i 

/ ; 


: \ 




Tsrw 

1 i 




WRITE TIMING 


i 






AD(7:0) IN 




Wds^ »^Wdh 




i 1 

im i< Tsrw 




R/W 


\ : 





FIGURE 6: Non-Multiplexed Bus Timing Diagrams 
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DISK READ/WRITE TIMING (Figures 7 and 8) 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


T 


RRCLK 




20.8 






ns 


T/2 


RRCLK high/tow time 




8.3 






ns 


Tr = Tf 


RRCLK rise and fall time 









o 
c. 


ns 


Ds 


NRZ in valid to RRCLK T 




3 






ns 


Dh 


RRCLK T to NRZ in invalid 




3 






ns 


As* 


AMD valid to RRCLK T 




3 






ns 


Dv 


RRCLK T to NRZ out 




3 




15 


ns 


Wv* 


RRCLK T to WAM out 




3 




15 


ns 


Note: 


t indicates rising edge 1 indicates falling edge 
* These specifications are only applicable in the Soft Sector mode. 







RRCLK 



NRZ (read) 



T/2 



JM5 



T/2 



< 



Ds 



V 



> 



Dh 



As 



-Tr 



FIGURE 7: Disk Read Timing 



RRCLK 



NRZ DATA (write) 



WAM 



Dv 



' Wv I 



dv ; 



> 



! Wv I 



FIGURE 8: Disk Write Timing 
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ELECTRICAL SPECIFICATIONS (continued) 



BUFFER MEMORY READ/WRITE TIMING PARAMETERS (Figures 9 through 13) 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


T SYSCLK period 




25 






ns 


T/2 SYSCLK high/low time 




10 






ns 


Tav SYSCLK / to address valid 


Note 1 






18 


ns 


Tmsv SYSCLK/ to MS\ 


Notes 1 , 6 






18 


ns 


Tmsh SYSCLK/ to MS/ 


Note 1 






18 


ns 


Tmv SYSCLK /to MOB 


Note 1 






18 


ns 


Tmh SYSCLK/ to MOE/ 


Note 1 






18 


ns 


Twv SYSCLK/ to WE\ 


Note 1 






18 


ns 


Twh SYSCLK /to WE/ 


Note 1 






18 


ns 


Tdov SYSCLK to data out valid 


Note 1 






18 


ns 


Tdoh SYSCLK to data out invalid 


Note 1 






18 


ns 


Tdis 


Data in valid to MOE / (SRAM) 




5 






ns 


Data in valid to CAS / (DRAM) 




5 






ns 


Tdih 


MOE T to data in valid (SRAM) 











ns 


CAS t to data in valid (DRAM) 











ns 


Trv SYSCLK/ to RAS\ 


Note 1 






18 


ns 


Trh SYSCLK/ to RAS/ 


Note 1 






18 


ns 


Trav SYSCLK to row address valid 


Note 1 






18 


ns 


Trah SYSCLK / to row address invalid 


Note 1 






18 


ns 


Tcv SYSCLK/ to CAS\ 


Note 1 






18 


ns 


Tch SYSCLK /to CAS/ 


Note 1 






18 


ns 


Tcav SYSCLK / to column address valid 


Note 1 






18 


ns 


Tcah SYSCLK / to column address invalid 











ns 
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BUFFER MEMORY READ/WRITE TIMING PARAMETERS (Figures 9 through 13) (continued) 



PARAMETER 


CONDITIONS 


MIN 


UNIT 


Trwl RA5\ to RA5/ 


Notes 2, 3 


((RWL + 3)-T)-2 


ns 


Trwh RA5/ to RA5\ 


Notes 2, 4 


((RWH + 1)-T)-2 


ns 


Tcwl CA5\toCA5/ 


Note 2 


((CWL + 1)-T)-2 


ns 


Tcwl CA5/toCAS\ 


Notes 2, 5 


((CWL + 1)-T)-2 


ns 



Note: Loading capacitance = 30 pF 



Note 1 : The measureddelay for any of the signal indicated by this notewill not vary from the measured delay 
of any other signal indicated by this note by more than ±1 ns. 

Note 2: RWL, RWH, CWL and CWH are fields in the Buffer Manager Timing Control Register (54H). Each 
is a two bit f ield which can contain a value of 0, 1 , 2, or 3. These values determine the minimum 
number of SYSCLK periods (T) for the associated signal width. 

Note 3: The minimum width value of Trwl will be generated for refresh cycles and for any buffer memeory 
access cycle except when multiple page mode a ccesses are performed. When multiple page mdoe 
accesses are performed, the width of the RAS low pulse is extended until the end of the last CAS 
low cycle. 

Note 4: The minumum value of Trwh will be generated whenever the Buffer Manager determines that a 
buffer request is pending at the ocmpletion of the current memory cycle and a page mode access 
can not be used either because page mode operation is not enabled or the needed location is not 
within the current page. 

Note 5: The minumum value of Tcwh will be generated only between consecutive page mode accesses. 

Note 6: MS will rise only if the Buffer Manager determines that no additional requests for buffer access are 
pending. If the Buffer Manager determines that another access is to be Made, MS is kept low 
between the accesses for improved speed. 
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SYSCLK 



BA0.17 



BD0:7 



y \! 172 



Twba 



X 



-Tav 



-Tmsv 



-Tmv 



Tmh- 



I 



I 



-Tdih 



-Tah 



-Tmsh 



-Tdis 



Note: Twba equals one buffer RAM access cycle in SYSCLK periods. 



FIGURE 9: SRAM Read Timing 
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SYSCLK 



WE 



BA0:17 



BD0.7 



/ 


-4 

1 


^ 








i \ 




1 

1 
1 








1 

1 
1 

1 
1 

— ►! — Twv Twh — ► 




r 




i \ 


/ 


Tah 


i 

i 

J-^ — Tav 


i 




X 




X 




1 
1 
1 

j-4 — Tmsv 




•-^ — Tmsh 






/ — 


— Tdov 




1^— Tdoh 




1 




X 




i 







Note: Twba equals one buffer RAM access cycle in SYSCLK periods. 



FIGURE 10: SRAM Write Timing 
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FIGURE 11: DRAM Timing, Refresh Cycle (Shown with WRL = 0) 



SYSCLK 
IW> 

BA(11:0) 
READ 

WE 

BD(7:0) 
WRITE 

WE 

BD(7:0) 



Tmsv 



Trav 



Trv 



Tcav 
Trah 



Tcv 



Tmv 



Trh 



Row Address 



Tch 



Tcah 



(-*-*-|Tmsh 



Column Address 



Twv 



Tdov 



Tdis 



Tmh 



r 



HTdih 



Read Data ^- 



Twh 



Tdoh 



Write Data 



FIGURE 12: DRAM Timing, Standard Cycle (Shown with RWL = and CWL = 0) 
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SYSCLK 
MS 
RAS 
CAS 
MOE 

BA(11:0) 
READ 

WE 

BD(7:0) 
WRITE 

WE 

BD(7:0) 



Tmsv 



Trav 



Tcav 
Trah 



Tmv 



Tcv e — ^ Tch 



Row Address X i 



Twv 




Tcah 



Trh 



|-*-^)Tmsh 



Tmh 



Column Address WM Column Address 



Tdov 



Tdis I 



< 



*)Tdih 



Read Data 



Tdoh 



xzzx 



Read Data 



Twh 



Write Data 



Write Data 



> 



FIGURE 13: DRAM Timing, Fast Page Cycles (Shown with RWL = 0, RWH = 0, CWL = and CWH = 0) 



SYSCLK 



TX5 



CA1> 



W5E 



BA(11:0) 



-Trwl 



- Tcwl - 



Trwh — *T" 



Tcwh 



x 



Row Address xiiX Column Address 



Column Address 



DOC 



Row Address 



FIGURE 14: DRAM Timing (Showing the Relationship of RWL, RWH, CWL and CWH to overall timing) 
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ELECTRICAL SPECIFICATIONS (continued) 

HOST DMA 8/16-BIT INTERFACE TIMING PARAMETERS (Figure 15) 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


DREQL 


DREQ I from DACK I 








40 


ns 


RDTA 


T5RitoHD[0:15] valid 








50 


ns 


RDHLD 


IOR ttoHD[0:15]tri-state 




2 




20 


ns 


WDS 


HD[0:15] setup to R5W? 




30 






ns 


WDHLD 


HD[0:15]holdfromR3wt 




10 






ns 


RWPULSE 


IOR/IOW pulse width 




80 






ns 


DMASET 


DACK I to IOR/IOW 4, 




10 






ns 


DMAHLD 


DACK hold from IOR/IOW T 




10 






ns 



DREQ 



T5R/K5W 



HD[0:15](read) 



HD[0:15] (write) 



DREQL 



4 ►< 

DMASET I 

I 



I 

I 



RWPULSE 



RDTA 



x 



X 



WDS 



FIGURE 15: Host DMA 8/16-Bit Interface Timing 
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HOST DMA 8/16-BIT INTERFACE TIMING PARAMETERS (DEMAND MODE) (Figure 16) 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


DMASET 


DACKitolOR/IOWJ, 




10 






ns 


RDTA 


iORitoHD[0:15} valid 








50 


ns 


RDHLD 


iORTtoHD[0:15] tristate 




2 




20 


ns 


WDS 


HD [0:15] setup to IOW T 




30 






ns 


WDHLD 


HD [0:15] hold from iOW t 




10 






ns 


RWPULSE 


IOR/IOW low 




80 






ns 


RWPAUSE 


IOR/IOW high 




40 






ns 


DREQL 


DREQ 4, from IOR/IOW I 




5 




40 


ns 


DMAHLD 


DACK hold from IOR/IOW T 




10 






ns 



DREQ 



HD[0:15](read) 



HD[0:15](write) 



DMASET 



DMAHLD 





\ 


\ 






> 



RWPULSE 



RWPAUSE 



DREQL 



RDTA 



RDHLD 



: X i 


X 




X 


, WDS , 


X : 


X 


X 


X 



WDHLD 



FIGURE 16: Host DMA 8/1 6- Bit Interface Timing (Demand Mode) 
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ELECTRICAL SPECIFICATIONS (continued) 

HOST PROGRAMMED I/O TIMING PARAMETERS (Figure 16) 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


CS16L 


HCSO 1 AO 2 A9 I or 
HSC1 TtolOCSl6i 








20 


ns 


IOCHL 


IOR/IOW X to IOCHRDY 1 








25 


ns 


IOCHTW * 


IOCHRDY pulse width 









5x 
BCLK 


ns 


RDTA 


lORito HD[0:15] valid 








50 


ns 


RDHLD 


]ORttoHD[0:15] tri-state 




2 




20 


ns 


WDS 


HD[0:15] setup to IOW T 




30 






ns 


WDHLD 


HD[0:15] hold from IOW T 




10 






ns 


RWPULSE 


IOR/IOW pulse width 




80 






ns 


ADRSET 


HCSO, A0:2, A9/HCS1 
setup to IOR/IOW i 




25 






ns 


ADRHLD 


HCSO , A0:2, A9.HCS1 hold, 
from I5R/I0W T 











ns 


* Maximum specification applies when Auto Wait State Generation is disabled (Register 40H, Bit 2 is reset) 



RESET ASSERTION TIMING PARAMETERS 


(Figure 17) 


PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


Trpwl RST pulse width low 


Not power on reset 


500 






ns 


Power on reset 


7.5 






us 
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A0:2,A9 



X 



x 



HCS0/HCS1 



x 



IOCS16 



lOR/tOW 



IOCHRDY 



X 



X 



RW PULSE 



IOCHL- 



HDI0:15] (read) 



HD[0:15] (write) 



X 



X 



RDTA 



; RDHLD 



X 



X 



WDS 



WDHLD 



FIGURE 16: Host Programmed I/O 8/1 6- Bit Timing 



SYSCLK 



f 



RST 



Trpwl 



Note: RST must be low for a minimum of 1 1 periods of SYSCLK. 



FIGURE 17: RESET Assertion Timing 
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PACKAGE PIN DESIGNATIONS 

(Top View) 



CAUTION: Use handling procedures necessary 
for a static sensitive component. 



GND ■ 
BA4 ■ 
BA5 ■ 
BA6 - 
BA7- 
BA8 • 
BA9 • 
BA10- 
BA11 • 
BA12- 
BA13- 
BA14 ■ 
BA15- 
VDD ■ 
GND ■ 
BDO ■ 
BD1 ■ 
BD2 ■ 
BD3 ■ 
BD4 - 
BD5 ■ 
BD6- 
BD7- 
MOE - 
WE - 



CO CM O 

co co qq co 



m cd 
Q Q 



do cd 
Q o 
x x 



Q O 
X x 



Q Q CD 
O > X 



CD CD CD 
O Q Q 
XXX 



O (D CD CD CD 

z o o o o 

O X X X X 



11 



1 1 1 1 1 1 1 1 1 Ill 



CO IO ^ CO CM t- 
IO IO IO lO tf> 10 



76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 
100 



1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 




S (O IO Tf 



< < 
2 2 



< < 
5 2 



CM t- 



IS 9 

2 (!5 < 



s <o o ^ 



o o 
< < 



CO CM ■«- _ 

O O Q Q 

< < ' ' 



l< 

< cc 



100-Lead TQFP 
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PACKAGE PIN DESIGNATIONS 

(Top View) 



CAUTION: Use handling procedures necessary 
for a static sensitive component. 



BA6 • 
BA7- 
BA8 • 
BA9 - 
BA10- 
BA11 • 
BA12- 
BA13 ■ 
BA14- 
BA15- 
VDD ■ 
GND- 
BDO • 
BD1 - 
BD2- 
BD3- 
BD4 ■ 
BD5- 
BD6- 
BD7 - 



So s 



Q 
Q Z 
_ O 



CD 



^Ot- CM CO u> 

OqoqcqcqoqOcqcqcqco 
zooqoozoqoo 
o>xxxxoxxxx 



1 1 1 n 1 1 1 m 1 1 1 1 1 1 1 1 




81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 
100 



O 





I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 



t-WO^Ifl«ONOO© 



Ot-wn^ifl(oscoo) 



5 

Q. 
Z 



N <0 U) ^ 



in 



<<<<<<<<. 



ill 



>: <o 
Q 5 <E 



■T5A15R 

• DREQ 

. lOCHRDY 

■ PcW 

■ A9yRC5T 

■AO 

■ A1 

■ A2 
•GND 

■ HINT 

■ 15C5T6 

■ SYSCLK 

■ NRZ 

• RRCLK 

■ WG 

■ RG 
•EST 

■ WAM/AMD/SEC 

• INDEX 

■ OUTPUT 
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Advance Information 



DESCRIPTION 

The SSI 32C9020 is an advanced CMOS VLSI device 
which integrates major portions of the hardware 
needed to build an SCSI disk drive. The circuitry of the 
SSI 32C9020 includes a complete SCSI target 
interface, an advanced buffer manager, a high 
performance disk formatter and an 88 bit Reed- 
Solomon ECC with fast "on-the-fly" hardware 
correction. The SSI 32C9020 provides maximum 
performance while minimizing micro controller 
intervention. 

The SSI 32C9020 is capable of concurrent transfers of 
up to 48 megabits per second on the disk interface and 
10 megabytes per second across the SCSI bus. In 
addition, on-the-fly error corrections and micro 
controller accesses to the buffer memory will not 
degrade the throughput during transfers. 

The SSI 32C9020 is one of a family of Silicon Systems* 
single chip disk controllers which support a wide range 
of device interfaces. The SSI 32C9022 provides the 
same basic capabilities as the SSI 32C9020 but has 

(continued) 
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FEATURES 

• SCSI Bus Interface 

- Full SCSI-2 Compatibility 

- Direct bus Interface logic with on-chip 48 
mA drivers 

- Synchronous transfer rates up to 10 
megabytes per second 

- Asynchronous transfer rates up to 5 
megabytes per second 

- Parity generation and checking 

- Auto Command Mode (ACM) SCSI state 
machine performs high level SCSI 
sequences without microprocessor 
intervention 

- Four level ACM command FIFO supports 
automatic execution of multiple ACM 
commands 

- Hardware support for automatic handling 
of SCSI-2 command queuing 

(continued) 
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DESCRIPTION (continued) 

a dual NRZ disk interface. Other family members 
support AT and PCMCIA interfaces. All members are 
based on a common architecture allowing major 
portions of firmware to be reused. The Silicon Systems' 
chip family is illustrated in the hierarchy chart shown in 
Figure 1. 

The high level of integration within the SSI 32C9020 
represents a major reduction in parts count. When the 
SSI 32C9020 SCSI Controller is combined with the SSI 
32R2010 Read/Write device, the SSI 32P3000 Pulse 
Detector, the SSI 32D5391 Data Synchronizer with 1 ,7 
ENDEC, the 32H4631 Servo and Motor Speed 
Controller, an appropriate micro controller and 
memory, a complete, cost efficient, high performance 
intelligent drive solution is created. 

FEATURES (continued) 

- Automatic SCSI CDB size determination 

- Automatic SCSI Disconnect and 
Reconnect 

- Sixteen byte data FIFO between SCSI 
channel and Buffer Manager 

• Buffer Manager 

- Direct support of DRAM or SRAM 

- SRAM throughput to 20 megabytes per 
second 

- SRAM size up to 256k bytes 

- DRAM throughput to 1 7.78 megabytes per 
second 

- DRAM size up to 1 megabyte 

- Programmable memory timing 

- Buffer RAM segmentation with flexible 



segment sizes from 256 bytes to 
1 megabyte 

- Dedicated host, disk and microprocessor 
address pointers 

- Internal buffer protection circuit provides 
buffer Integrity 

Disk Formatter 

- NRZ Data Rates to 48 megabits/s 

- Automatic multi-sector transfer 

- Header or microprocessor based split data 
field support 

- Advanced sequencer organized in 31 x 5 
bytes 

- 88-bit Reed Solomon ECC with "on-the-fly" 
fast hardware correction circuitry 

- Capable of correcting up to four 10-bit 
symbols in error 

- Guaranteed to correct one 31 -bit burst or 
two 11 -bit bursts 

- Hardware on-the-fly correction of either an 
11- or 31 -bit single burst error within a half 
sector time 

- Detects up to one 51-bit burst or three 11- 
bit bursts 

Microprocessor Interface 

- Supports both multiplexed or non- 
multiplexed microprocessors 

- Separate or combined host and disk 
interrupts 

- Programmable wait state insertion 
Other Features 

- Internal power down mode 

- Available in 100-pin QFP 
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FIGURE 1: Silicon Systems' Disk Controller Chip Hierarchy 
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FUNCTIONAL DESCRIPTION 

The SSI 32C9020 contains the following four major 
functional blocks: 

Microprocessor Interface 

SCSI Interface 

Disk Formatter 

Buffer Manager 

The Microprocessor Interface allows the local 
microprocessor access to all of the SSI 32C9020 
internal control registers and any location within the 
buffer memory. The microprocessor, by writing and 
reading the internal registers can control all activities of 
the SSI 32C9020. The microprocessor can elect to 
perform SCSI and/or disk operations directly, or it can 
enable the advanced features of the SSI 32C9020 
which can perform all typical operations automatically. 

The SCSI Interface block handles all SCSI activities. 
The SCSI interface includes 48 mA drivers allowing for 
direct connection of the SSI 32C9020 to the SCSI bus. 
The SCSI interface logic includes Auto Command 
Mode (ACM) logic, an advanced state machine 
capable of handling a variety of complex SCSI 
sequences without microprocessor intervention. The 
microprocessor can queue up to four ACM commands 
into the ACM Command FIFO to create even more 
sophisticated command sequences. The SCSI block 
interfaces directly with the Buffer Manager via an 
internal speed matching FIFO. This FIFO, plus the 
bandwidth capabilities of the Buffer Manager 
guarantee sustained full speed transfers across the 
SCSI bus. The high level of automation of the ACM 
minimizes SCSI bus overhead. The net result is 
maximized performance with minimum SCSI bus band 
width utilization. 

The Disk Formatter performs the serialization and 
deserialization of data. It provides all of the necessary 
functions to control track formatting, header search, 
and the reading and writing of data. The heart of the 
Disk Formatter is an advanced programmable 
sequencer which is flexible enough to interface to a 
wide variety of read/write channels. The sequencer 
can contain 31 instructions, each of which is 5 bytes 
(40 bits) in width. The width of the instructions allows 



for sophisticated branching techniques which increase 
the flexibility and power of the sequencer. The flexible 
disk interface can be configured through a wide range 
of capabilities. This allows the SSI 32C9020 to 
interface with nearly any read/write channel and allows 
the user of the SSI 32C9020 to select the read/write 
channel best suited to the device. Of course, by 
selecting the SSI 32C9020 controller and the 
SSI 32D5391 Data Synchronizer with 1 ,7 ENDEC, you 
are guaranteed a problem free interface. 

Within the Disk Formatter are the ECC generator/ 
checker and ECC corrector. The generator/checker 
provides the ability to generate or check a 32 bit ECC 
for headers and an 88 bit Reed Solomon code for data. 
If the checker detects an error in an 88 bit Reed 
Solomon data field, the syndrome information is 
transferred into the corrector. The corrector performs 
the necessary operations to determine if the error was 
correctable and interfaces directly with the buffer 
controller to perform the correction automatically. 
The corrector performs its correction within one half of 
a sector time. This guarantees that the corrector will 
always be available to correct the next sector if 
necessary. 

As its name implies, the Buffer Manager manages the 
data buffer of the controller. The Buffer Manager can 
support either SRAM or DRAM. When configured to 
operate with DRAM, the Buffer Manager automatically 
performs necessary refresh cycles. The buffer 
manager creates all of the necessary timing and 
control signals for a wide range of memory types and 
speeds. The Buffer Manager interfaces with the buffer 
memory, the SCSI Interface block, the data path of the 
Disk Formatter block, the ECC corrector and the 
microprocessor. If more than one of these devices 
requires access to the buffer memory, the Buffer 
Manager arbitrates the requests automatically. The 
Buffer Manager of the SSI 32C9020 can sustain SCSI 
operations at the rate of 10 megabytes per second, 
Disk Formatter operations at 48 megabits per second 
(6 megabytes per second) and still have sufficient band 
width left to handle on-the-fly ECC corrections and 
microprocessor accesses without degrading 
performance on any of the interfaces. 
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PIN DESCRIPTION 

The following convention is used in the pin description: 
(I) denotes an input 
(O) denotes an output 
(Z) denotes a tri-state output 
(OD) denotes an open drain output 



GENERAL 



NAME 


TYPE 


DESCRIPTION 


VDD 




POWER SUPPLY PIN, VCC 


GND 




GROUND 


HOST INTERFACE 


SDBP 


I/O 


SCSI DATA BUS PARITY. Odd parity bit for the SCSI data bus. 


SDB(7:0) 


I/O 


SCSI DATA BUS BITS 7-0. 


ATN 


1 


ATTENTION. This active low signal is used by the initiator to request a 
message out phase. 


BSY 


I/O 


BUSY. This active low signal is used to indicate when the bus is active. 


ACK 


1 


ACKNOWLEDGE. This active low signal is used in the handshake protocol to 
indicate the completion of a data byte transfer. 


SRST 


1 


SCSI RESET. This active low signal is used to reset the SCSI controller. 


MSG 





MESSAGE. This active low signal is used to indicate a message phase. 


SEL 


I/O 


SELECT. This active low signal is used to indicate either a selection or 
reselection phase. 


C/D 





COMMAND/DATA. This signal is used to indicate either a command or data 
phase. 


REQ 


1 


REQUEST. This active low signal is used in the handshake protocol to initiate 
a data byte transfer. 


I/O 


1 


INPUT/OUTPUT. This signal is used to indicate the direction of data transfer. 


PAREN 


1 


SCSI PARITY ENABLE. This active high signal is used to enable parity 
checking of the SCSI data bus. Parity checking is disabled when this pin is 
held low. 
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DISK INTERFACE 



NAME 


TYPE 


DESCRIPTION 


GPIO(2:0) 


I/O 


INPUT/OUTPUT. These pins are used to Indicate the SCSI ID of the target 
device. The pins can be programmed as outputs for test purposes only. 


INDEX 


1 


INDEX. Input for index pulse received from the drive. 


INPUT/ 


I/O 


DISK SEQUENCER INPUT/OUTPUT. A general purpose control (output) and 
status (input) pin configured by the Output Enable Bit of Register 71 H, bit 7. 

At power-on, this pin is an input. As an input, it can be used to synchronize the 
disk sequencer to an external event. As an output, it is controlled by bit 2 of the 
Control Field of the disk sequencer. 


AMD/SECTOR 


I/O 


ADDRESS MARK DETECT/SECTOR. This pin is used in the hard sector 
mode as the sector input. A pulse on this pin indicates a sector mark is found. 

In the soft sector mode a low-level input indicates an address mark was 
detected. The device powers up in soft sector default mode. 


RG 





READ GATE. During disk data read, this pin is asserted. Active high. 


WG 





WRITE GATE. During disk data write, this pin is asserted. Active high. 


RRCLK 


1 


READ/REFERENCE CLOCK. This pin is used to clock data on the NRZ pin 
into and out of the device. 


NRZ 


I/O 


NON RETURN TO ZERO. This signal is the read data input from the disk drive 
when the read gate signal is asserted; it is the write data output to the disk drive 
when the write gate signal is asserted. 


MICROPROCESSOR INTERFACE 


RST 


1 


RESET. An asserted low input generates a component reset that holds the 
internal registers at reset, stops all operations within the chip, and deasserts 
all output signals. All input/output signals are set to the high-Z state during the 
assertion of this signal. 


ALE/M/NM 


1 


ADDRESS LATCH ENABLE/MULTIPLEXED/NON-MULTIPLEXED AD- 
DRESS SELECT. When tied high or left floating after reset, the microproces- 
sor interface is configured as non-multiplexed. When driven low, then the 
microprocessor interface is configured as multiplexed. In this case this pin 
functions as the address latch enable, and the MA(7:0) pins are the 
demultiplexed address outputs. 


CS 


1 


CHIP SELECT. Active high signal, when asserted, the internal registers of the 
SSI 32C9020 can be accessed. 


Wr/r/w 


1 


WRITE STROBE/READ/WRITE. In the Intel bus mode, when an active low 
signal is present with CS signal high, the data is written to the internal registers. 

In the Motorola bus mode, this signal acts as the R/W signal. 


RD/DS 


1 


READ STROBE/DATA STROBE. In the Intel bus mode, when an active low 
signal is present with CS signal high, internal register data is read. 

In the Motorola mode, this signal acts as the DS signal. DS when active high 
is data strobe. 
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PIN DESCRIPTION (continued) 



MICROPROCESSOR INTERFACE (continued) 



NAME 


TYPE 


DESCRIPTION 


DINT 


0, OD,Z 


DISK INTERRUPT. An active tow signal indicates the controller is requesting 
microprocessor service from the disk side. This signal is programmable for 
either a push-pull or open-drain output circuit. This signal powers up in the 
high-Z state. Register 4F bit 3 enables the pull-up. 


SINT 


0, OD,Z 


SCSI INTERRUPT. This signal is generated by the SCSI controller and is an 
interrupt line to the microprocessor. It is programmable for either a push-pull 
or open drain output circuit. This signal powers up in the high-Z state. The 
interrupt is sourced from the SCSI Interrupt Register. Register 4F bit 3 enables 
the pull-up. This signal is also programmable to be either an active high or 
low interrupt. 


AD(7:0) 


I/O 


ADDRESS/DATA BUS. When configured in the Intel mode, these lines are 
multiplexed, bidirectional microprocessor register address and data lines. 

When configured in the Motorola mode, these lines are bidirectional data lines. 


MA(7:0) 


I/O 


MICROPROCESSOR ADDRESS BUS: These signals are nonmultiplexed 
address input or latched address output lines. 


READY 





READY: When this signal is deasserted low, the microprocessor shall insert 
wait states to allow time for the chip to respond. 


l/MC 


I 


INTEL/MOTOROLA: This signal selects the microprocessor interface to be 
used. When this signal is asserted high, it selects the Intel bus control 
interface. When this signal is deasserted low, it selects the Motorola bus 
control interface. This signal has an internal pull-up to allow the default 
selection of the Intel bus control interface. 


BUFFER MANAGER INTERFACE 


BA(15:0) 





BUFFER MEMORY ADDRESS LINES 0:15. Active high, for direct connection 
to a Static or Dynamic RAM address lines 0:15. 


BA16/RAS 





BUFFER MEMORY ADDRESS 16: In SRAM mode, for direct connection to a 
Static RAM address line 16. 

ROW ADDRESS STROBE: In DRAM mode, for direct connection to a 
Dynamic RAM Row Address Strobe signal. 


BA17/CAS 





BUFFER M EMORY ADDRESS 1 7: In SRAM mode, for direct connection to a 
Static RAM address line 17. 

ROW ADDRESS STROBE: In DRAM mode, active low, for direct connection 
to a Dynamic RAM Column Address Strobe signal. 


BD(7:0) 


I/O 


BUFFER MEMORY DATA BUS. 7 through 0. Active high, buffer data bus that 
connects directly to the buffer RAM data lines. 
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BUFFER MANAGER INTERFACE 



NAME 


TYPE 


DESCRIPTION 


BDP 


I/O 


BUFFER MEMORY DATA PARITY. This signal provides odd parity for the 
buffer memory data bus during transfers to/from the buffer memory to the 
buffer RAM. 


MOE 





MEMORY OUTPUT ENABLE. This signal is asserted low only for buffer 
memory read operations. 


WE 





WRITE ENABLE. Active low, write enable for the buffer RAM. 


SYSCLK 


1 


SYSTEM CLOCK. This signal is used to synchronize the buffer RAM access, 
including the generation of memory address bits, write enable WE, and 
memory output enable MOE. 



ELECTRICAL SPECIFICATIONS 
ABSOLUTE MAXIMUM RATINGS 

Maximum limits indicate where permanent device damage occurs. Continuous operation at these limits is not 
intended and should be limited to those conditions specified in the DC operating characteristics. 



PARAMETER 


RATING 


Power Supply Voltage, VCC 


7V 


Ambient Temperature 


to 70 °C 


Storage Temperature 


-65 to 150 °C 


Power Dissipation 


750 mW 


Input, Output pins 


-0.5 to VCC+0.5V 



ELECTRICAL CHARACTERISTICS 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNITS 


VCC Power Supply Voltage 




4.50 




5.50 


V 


ICC Supply Current 


Ta = 25°C Outputs Unloaded 






50 


mA 


ICCS Supply Current 








250 


MA 


VIL Input Low Voltage 




-0.5 




0.8 


V 


VOIH Input High Voltage 




2.0 




VCC+0.5 


V 


VOL Output Low Voltage 


All pins except SCSI interface, 
IOL = 2mA 






0.4 




VOL Output Low Voltage 


SCSI interface pins, 
IOL = 48mA 






0.5 


V 


VOH Output High Voltage 


IOH = -400 mA 






2.4 


V 


IL Input Leakage Current 


< VIN < VCC 


-10 




10 


ma 


CIN Input Capacitance 








10 


PF 


COUT Output Capacitance 








10 


PF 
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ELECTRICAL SPECIFICATIONS (continued) 



Microprocessor Interface Timing Parameters 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNITS 


Ta 


Ale width 




20 






ns 


Tma 


Address valid to MA0.7 valid 








30 


ns 


Tr 


RD Width 




80 






ns 


AS 


Address valid to ALE l> 




5 






ns 


Ah 


ALE i to address invalid 




10 






ns 


Cs 


CS Valid to RD I or DST 




20 






ns 


Ch 


RDTor DSitoCSi 











ns 


Tda 


RD i or DS T to read data valid 








60 


ns 


Tds 


DS width 




80 






nc 


Tdh 


RD T or DS I to read data invalid 









25 


ns 


Tsrw 


R/W valid to DST 




20 






ns 


Thrw 


DS i to R/W invalid 




20 






ns 


Tdrdy 


RD i to READY i (Intel) or 
DS T to READY i (Motorola) 








30 


ns 


Wds 


Write data valid to WR t or 
DS i to write data invalid 




40 






ns 


Wdh 


WR t or DS I to write data invalid 




10 






ns 


Note: 


T indicates rising edge 


i indicates falling edge 









Non-Multiplexed Bus Interface Timings 



Tmas MA(7:0) valid to DS i 




5 






ns 


Tmah DS T to MA(7:0) invalid 




5 






ns 


Cs CS valid to DS I 




20 






ns 


Ch DS T to CS i 











ns 


Tda DS T to read data valid 








60 


ns 


Tds DS width 




80 






ns 


Tdh DS T to read data invalid 









25 


ns 


Tsrw R/W valid to DSi 




20 






ns 


Thrw DS T to R/W invalid 




20 






ns 


Tdrdy DS T to READY i (Motorola) 








30 


ns 


WDS Write data valid to WR T or DS i 




40 






ns 


Wdh WE t or DS i to write data invalid 




10 






ns 


Note 1 : t indicates rising edge I indicates falling edge 
Note 2: Loading capacitor = 30pF 
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FIGURE 2: Intel Register Multiplexed Read Timing 
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FIGURE 3: Motorola Register Multiplexed Read Timing 
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FIGURE 4: Intel Register Multiplexed Write Timing 
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FIGURE 5: Motorola Register Multiplexed Write Timing 
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ELECTRICAL SPECIFICATIONS (continued) 
Disk Interface Timing 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNITS 


T 


RRCLK 




20.8 






ns 


T/2 


RRCLK high/low time 




8.5 






ns 


Tr.Tf 


RRCLK rise and fall time 









2 


ns 


Ds 


NRZ in valid to RRCLK t 




3 






ns 


Dh 


RRCLK T to NRZ in invalid 




3 






ns 


As 


AME valid to RRCLK T 




3 






ns 


Dv 


RRCLK T to NRZ out 




3 




15 


ns 


Note: T indicates rising edge 
Loading capacitor = 1 0pF 



NRZ DATA (write) \ 

i 



FIGURE 7: Disk Write Timing 
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FIGURE 8: Disk Read Timing 
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BUFFER MEMORY READ/WRITE TIMING PARAMETERS (Figures 9 through 13) 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


T SYSCLK period 




25 






ns 


T/2 SYSCLK high/low time 




10 






ns 


Tav SYSCLK / to address valid 


Notel 






18 


ns 


Tmsv SYSCLK/ to MS\ 


Notes 1,6 






18 


ns 


Tmsh SYSCLK /to MS/ 


Note 1 






18 


ns 


Tmv SYSCLK /to MOB 


Note 1 






18 


ns 


Tmh SYSCLK/ to MOE/ 


Note 1 






18 


ns 


Twv SYSCLK/ to WE\ 


Note 1 






18 


ns 


Twh SYSCLK /to WE/ 


Note 1 






18 


ns 


Tdov SYSCLK to data out valid 


Note 1 






18 


ns 


Tdoh SYSCLK to data out invalid 


Note 1 






18 


ns 


Tdis 


Data in valid to MOE / (SRAM) 
Data in valid to CAS / (DRAM) 




5 






ns 


Tdih 


MOE to data in valid (SRAM) 
CAS to data in valid (DRAM) 











ns 


Trv SYSCLK/ to RAS\ 


Note 1 






18 


ns 


Trh SYSCLK/ to RAS/ 


Note 1 






18 


ns 


Trav SYSCLK to row address valid 


Note 1 






18 


ns 


Trah SYSCLK / to row address invalid 


Notel 






18 


ns 


Tcv SYSCLK/ to CAS\ 


Note 1 






18 


ns 


Tch SYSCLK /to CAS/ 


Note 1 






18 


ns 


Tcav SYSCLK / to column address valid 


Notel 






18 


ns 


Tcah SYSCLK / to column address invalid 











ns 
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ELECTRICAL SPECIFICATIONS (continued) 



BUFFER MEMORY READ/WRITE TIMING PARAMETERS (Figures 9 through 13) (continued) 



PARAMETER 


CONDITIONS 


MIN 


UNIT 


Trwl RAS\ to RAS/ 


Notes 2, 3 


((RWL + 3)-T)-2 


ns 


Trwh RAS/toRAS\ 


Notes 2, 4 


((RWH + 1)-T)-2 


ns 


Tcwl CA5\toCA§/ 


Note 2 


((CWL + 1)-T)-2 


ns 


Tcwl CAS/toCAS\ 


Notes 2, 5 


((CWL + 1)-T)-2 


ns 



Note: Loading capacitance = 30 pF 



Note 1 : The measured delay for any of the signal indicated by this note will not vary from the measureddelay 
of any other signal indicated by this note by more than ±1 ns. 

Note 2: RWL, RWH, CWL and CWH are fields in the Buffer Manager Timing Control Register (54H) . Each 
is a two bit field which can contain a value of 0, 1 , 2, or 3. These values determine the minimum 
number of SYSCLK periods (T) for the associated signal width. 

Note 3: The minimum width value of Trwl will be generated for refresh cycles and for any buffer memory 
access cycle except when multiple page mode a ccesses are performed. When multiple page mode 
accesses are performed, the width of the RAS low pulse is extended until the end of the last CAS 
low cycle. 

Note 4: The minumum value of Trwh will be generated whenever the Buffer Manager determines that a 
buffer request is pending at the ocmpletion of the current memory cycle and a page mode access 
can not be used either because page mode operation is not enabled or the needed location is not 
within the current page. 

Note 5: The minumum value of Tcwh will be generated only between consecutive page mode accesses. 

Note 6: MS will rise only if the Buffer Manager determines that no additional requests for buffer access are 
pending. If the Buffer Manager determines that another access is to be Made, MS is kept low 
between the accesses for improved speed. 
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W5E 

m 
m 

BA(17:0) 
BD(7:0) 




^i-Tds 



Note: Twba is a functional parameter that gives the duration of one RAM data buffer access cycle in SYSCLK 
periods. The value is programmed in bits 1-0 of register 54H. These examples show Twba = 4T. 

FIGURE 9: SRAM Read Timing 




FIGURE 10: SRAM Write Timing 

8-41 



SSI32C9020 

SCSI Combo Controller 

48 Mbit/s; single bit NRZ interface 



T/2 



772 



SYSCLK 



JX5 



Tmsv 



Trv 



BA(11:0) 



WE 



Trah < ► 



Row/Refresh Addr 



FIGURE 11: DRAM Timing, Refresh Cycle (Shown with WRL = 0) 



SYSCLK 
RAS 

m^e 

BA(11:0) 
READ 

WE 

BD(7:0) 
WRITE 

WE 
BD(7:0) 



Tmsv 



Trav 



Trv 



Tcav 
Trah 



Tcv 



Trh 



Tmv f 



Row Address 



Tch 



Twv 



.-J Tcah j- — -J 

Column Address ~Y 



f-«-**|Tmsh 



Tdov 



Tdis I 



Tmh 



HTdih 



^ Read Data"^ - 



Twh 



Tdoh 



Write Data 



FIGURE 12: DRAM Timing, Standard Cycle (Shown with RWL = and CWL = 0) 

8-42 



SSI 32C9020 
SCSI Combo Controller 
48 Mbit/s; single bit NRZ interface 



SYSCLK 
MS 
RAS 
CAS 
MOE 



Tmsv 



Trav 



Tcav 
Trah 



Tcv 



Tmv 



G — > 



BA(1 1 :0) 111111 
READ 



Row Address 



WE 

BD(7:0) 
WRITE 

We 

BD(7:0) 



Twv 



Tch 



Tcah 



Trh 



Tdov 



Tdis I 



< 



|-*-*-jTmsh 



Tmh 



Column Address X X Column Address 



Read Data 



Tdoh 



)CZX 



X 



Read Data 



Twh 



Write Data 



Write Data 



FIGURE 13: DRAM Timing, Fast Page Cycles (Shown with RWL = 0, RWH = 0, CWL = and CWH = 0) 



SYSCLK 



1H5 



W5E 



- Tew! - 



Trwh — *-| 



BA(1 
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Row Address 



DOC 



Column Address 



Column Address 



Row Address 



FIGURE 14: DRAM Timing (Showing the Relationship of RWL, RWH, CWL and CWH to overall timing) 
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ELECTRICAL SPECIFICATIONS (continued) 



PARAMETER 


MIN 
(Fast) 


MAX 

(Fast) 


MIN 
(Slow) 


MAX 
(Slow) 


UNIT 


Trh REQ Assertion Time 


37 


48 






ns 


Trl REQ Deassertion Time 


63 


52 






ns 


Tids Setup time SCSI Data to REQ\ (write to SCSI bus) 


43 








ns 


Tidh Hold time REQ\ to SCSI Data invalid (write to bus) 


43 








ns 


Tal Minimum ACK Assertion Width Required 


10 








ns 


Tods Data Hold from a5R\ (Read from the SCSI bus) 


5 








ns 


Todh Data Hold from ACK\ (Read from the SCSI bus) 


12 








ns 


Note: All timing parameters are measured with 200 pF load, two SCSI terminator loads, ACI 


< filter turned off. 



RR5 



SCSI Data 
From Device 



SCSI Data 
From Initiator 



A 



Valid 



Tods 



-Talrh- 



-Tidh- 



Valid 



J 



f 



FIGURE 15: SCSI Synchronous Timing 



8-44 



SSI 32C9020 
SCSI Combo Controller 
48 Mbit/s; single bit NRZ interface 



ELECTRICAL SPECIFICATIONS (continued) 



PARAMETER 


MIN 


MAX 


UNIT 


Tods Data Setup to ACK\ (SCSI Output phase) 


5 




ns 


Todh Data Hold form ACK\ (SCSI Output phase) 


12 




ns 


Talrh ACKUoREQT 




49 


ns 


Tids Data Setup to REQ\ (SCSI Input phase) 


80 




ns 


Tldh Data Hold from ACK\ (SCSI Input phase) 


29 




ns 


Note: All timing parameters are measured with 200 pF toad, two SCSI terminator loads, ACK filter turned off. 




FIGURE 16: SCSI Asynchronous Timing 
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Synchronous Data In/Out Phase 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNITS 


Txtrp* Synchronous Transfer Period 


(see note) 








ns 


Tsrl SYSFREQ high to REQ tow 








50 




Tsrh SYSFREQ high to REQ high 








60 


ns 


Tdov SYSFREQ high to data 
out valid 








40 


ns 


Tdsu Data setup to ACK tow 




55 






ns 


Tdh Data hold from ACK low 




40 






ns 


Note: Txtrp is the Synchronous Transfer Period as defined by the Synchronous Control Register (Reg: 43H). 
SYSFREQ is a function of the BUFCLK and is determined by the prescale value as defined by the Clock 
Control Register (Reg: 49H). 



-Txfrp 



SYSFREQ 



REQ 



SDB 0:7 
SDBP vs 



ACK 




Tdsu 



Tdh 



\ r 



FIGURE 17: Even Number of SYSFREQ Cycles/SCSI Transfer Period 
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5YSFREQ 



REQ 



SDB 0:7 
SDBP v£ 




Tsrl 



ACK 



Tdsu ; Tdh 

\ r 



FIGURE 18: Odd Number of SYSFREQ Cycles/SCSI Transfer Period 
Wait for Selection 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNITS 


Tbsd Bus Settle Delay (400 ns) 
to the assertion of BSY 




3T + 90 




4T + 90 


ns 


Note: T is the SCSI Clock Period (SCP) as defined in Register 49H (CLKCTL). 



End Selection - 



BSY 
SEL 



SDB (7:0) 



SID 



SDB (7:0) 



OID 



ATN 



\ 



u*_Tbsd fcj 



X 

jr 
L 



FIGURE 19: Wait for Selection 
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Arbitration 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNITS 


Tbfsd Bus Settle Delay (400 ns) + 

Bus Free Delay (800 ns)to the 
assertion of BSY and SDB OID 




6T + 110 




7T+110 


ns 


Tad Arbitration Delay (2.4 usee) 

to the assertion of SEL (win) or 
deassertion of BSY and 
5DB OID (lost) 








13T+ 100 


ns 


Tbcsd Bus Clear Delay (800 ns)+ 
Bus Settle Delay (400 ns) to 
end of Arbitration Phase 








6T+ 100 


ns 


Note: T is the SCSI Clock Period (SCP) as defined in Register 61 H (CLKCTL). 



BSY 



SEL 



TO 



-Tbfsd — >v< Tad 

-// 



V 



SDB (™>OID ^ jf // 

SDB(7:0) D|D 



Tbcsd V 




X 



End Arbitration ►l^ Begin 

• Reselection 



FIGURE 20: Arbitration 
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Reselection 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNITS 


Tbcsd Bus Clear Delay (800 ns) + 
Bus Settle Delay (400 ns) to 
end of Arbitration Phase 








6T + 100 


ns 


Tdskdl Two Deskew Delays (90 ns) 
to the deassertion of BSY 

Tbsd Bus Settle Delay (400 ns) to 
the assertion of BSY 








160 
2T + 40 


ns 
ns 


Tdskd2 Two Deskew Delays (90 ns) 
to the deassertion of SEL, 
SDB 0ID , and SDB DID 




1T+70 




2T + 70 


ns 


Note: T is the SCSI Clock Period (SCP) as defined in Register 61 H (CLKCTL). 



BSY 



SEL 



SDB(7:0) o|D 
SDB(7:0) D|rj 



IO 
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Reselection " 
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-Tbsd- 



-Tdskd2- 



V 



FIGURE 21: Reselection 



8-49 



SSI 32C9020 

SCSI Combo Controller 

48 Mbit/s; single bit NRZ interface 



PACKAGE PIN DESIGNATIONS 

(Top View) 



CAUTION: Use handling procedures necessary 
for a static sensitive component. 
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DESCRIPTION 

The SSI 32C9022 is an advanced CMOS VLSI device 
which integrates major portions of the hardware needed 
to build an SCSI disk drive. The circuitry of the SSI 
32C9022 includes a complete SCSI target interface, an 
advanced buffer manager, a high performance disk 
formatter and an 88 bit Reed-Solomon ECC with fast 
"on-the-fly" hardware correction. The SSI 32C9022 
provides maximum performance while minimizing mi- 
cro controller intervention. 

The SSI 32C9022 provides a Dual Bit Interface to the 
ENDEC. The Dual Bit Interface allows an effective 
transfer rate of up to 48 megabits per second on the disk 
interface by utilizing two parallel NRZ data signals and 
a clock rate of 24 MHz. The reduction of overall clock 
rates between the SSI 32C9022 and the ENDEC can be 
of great benefit to the designer. 

The SSI 32C9022 can sustain concurrenttransfers of up 
to 48 megabits per second transfer rate to the disk and 
10 megabytes per second across the SCSI bus. In 
addition, on-the-fly error corrections and micro control- 
ler accesses to the buffer memory will not degrade the 
throughput during transfers. 

(continued) 
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Advance Information 



January 1993 

FEATURES 

• SCSI Bus Interface 

- Full SCSI-2 Compatibility 

- Direct bus interface logic with on-chip 
48 mA drivers 

- Synchronous transfer rates up to 
10 megabytes per second 

- Asynchronous transfer rates up to 
5 megabytes per second 

- Parity generation and checking 

- Auto Command Mode (ACM) SCSI state 
machine performs high level SCSI 
sequences without microprocessor 
intervention 

- Four level ACM command FIFO supports 
automatic execution of multiple ACM 
commands 

- Hardware support for automatic handling 
of SCSI-2 command queuing 

- Automatic SCSI CDB size determination 

- Automatic SCSI Disconnect and Reconnect 

- Sixteen byte data FIFO between SCSI 
channel and Buffer Manager 

(continued) 
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DESCRIPTION (continued) 

The SSI 32C9022 is one of a family of Silicon Systems' 
single chip disk controllers which support a wide range 
of device interfaces. The SSI 32C9020 is similar to the 
SSI 32C9022, but supports a Single Bit or Serial NRZ 
interface for applications which require this feature. 
Other family members support AT and PCMCIA inter- 
faces. All members are based on a common architec- 
ture allowing major portions of firmware to be reused. 
The Silicon Systems' chip family is illustrated in the 
hierarchy chart shown in Figure 1 . 

The high level of integration within the SSI 32C9022 
represents a major reduction in parts count. When the 
SSI 32C9022 SCSI Controller is combined with the SSI 
32R2010 Read/Write device, the SSI 32P3000 Pulse 
Detector, the SSI 32D5392 Dual Bit Data Synchronizer 
with 1 ,7 ENDEC, the 32H4631 Servo and Motor Speed 
Controller, an appropriate micro controller and memory, 
a complete, cost efficient, high performance intelligent 
drive solution is created. 

FEATURES (continued) 
• Buffer Manager 

- Direct support of DRAM or SRAM 

- SRAM throughput to 20 megabytes 
per second 

- SRAM size up to 256k bytes 

- DRAM throughput to 1 7.78 megabytes 
per second 

- DRAM size up to 1 megabyte 

- Programmable memory timing 

- Buffer RAM segmentation with flexible seg- 
ment sizes from 256 bytes to 1 megabyte 



Dedicated host, disk and microprocessor 
address pointers 

internal buffer protection circuit provides 
buffer integrity 
Disk Formatter 

Dual Bit NRZ Interface 
Effective Data Rates to 48 megabits/s 
(24 MHz Dual Bit Transfers) 
Automatic multi-sector transfer 
Header or microprocessor based split 
data field support 
Advanced sequencer organized in 
31 x 5 bytes 

88-bit Reed Solomon ECC with "on-the- 
fly" fast hardware correction circuitry 
Capable of correcting up to four 10-bit 
symbols in error 

Guaranteed to correct one 31 -bit burst or 
two 11 -bit bursts 

Hardware on-the-fly correction of either 
an 11- or 31 -bit single burst error within a 
half sector time 

Detects up to one 51 -bit burst or three 
11-bit bursts 
Microprocessor Interface 

Supports both multiplexed or 
non-multiplexed microprocessors 
Separate or combined host and disk 
interrupts 

Programmable wait state insertion 
Other Features 

Internal power down mode 
Available in 128-pin QFP 



32 Mbit/s NRZ, 
AT Controller, 
56-Bit ECC 

48 Mbit/s NRZ, 
AT Controller, 




■ 32 Mbit/s NRZ, 

4 32G9CMO SCSI Controller, 
^ 88-Bit R/S ECC 



88-Bit R/S ECC ' 






48 Mbit/s NRZ, 




SCSI Controller, 




88-Bit R/S ECC 



| 48 Mbit/s NRZ, 

I ooronpo I SCSI Controller, 

I 32C9022 | 88-Bit R/S ECC 

| Dual-Bit NRZ 



32C9340 



32C9342 



32C9301 



32C9302 



32/48 Mbit/s NRZ, 
PCMCIA/ATA Controller, 
88-Bit R/S ECC 
3V/5V 



48 Mbit/s NRZ, 
PCMCIA/ATA Controller, 
88-Bit R/S ECC 
Dual-Bit NRZ 
3V/5V 



32/48 Mbit/s NRZ, 
ATA Controller, 
88-Bit R/S ECC 
3V/5V 



32/48 Mbit/s NRZ. 
ATA Controller, 
88-Bit R/S ECC 
Dual-Bit NRZ 
3V/5V 



[ 32C9023 | 

72 Mbit/s NRZ, 
SCSI Controller, 
88-Bit R/S ECC 
Dual-Bit NRZ 



FIGURE 1: Silicon Systems' Single Chip Controller Hierarchy 
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FUNCTIONAL DESCRIPTION 

The SSI 32C9022 contains the following four major 
functional blocks: 

Microcontroller Interface 
SCSI Interface 
Disk Formatter 
Buffer Manager 

The Microprocessor Interface allows the local micro- 
processor access to all of the SSI 32C9022 internal 
control registers and any location within the buffer 
memory. The microprocessor, by writing and reading 
the internal registers can control all activities of the SSI 
32C9022. The microprocessor can elect to perform 
SCSI and/or disk operations directly, or it can enable 
the advanced features of the SSI 32C9022 which can 
perform all typical operations automatically. 

The SCSI Interface block handles all SCSI activities. 
The SCSI interface includes 48 mA drivers allowing for 
direct connection of the SSI 32C9022 to the SCSI bus. 
The SCSI interface logic includes Auto Command 
Mode (ACM) logic, an advanced state machine ca- 
pable of handling a variety of complex SCSI sequences 
without microprocessor intervention. The micropro- 
cessor can queue up to four ACM commands into the 
ACM Command FIFO to create even more sophisti- 
cated command sequences. The SCSI block inter- 
faces directly with the Buffer Manager via an internal 
speed matching FIFO. This FIFO, plus the bandwidth 
capabilities of the Buffer Managerguarantee sustained 
full speed transfers acrossthe SCSI bus. The high level 
of automation of the ACM minimizes SCSI bus over- 
head. The net result is maximized performance with 
minimum SCSI bus band width utilization. 

The Disk Formatter performs the serialization and 
deserialization of data. It provides all of the necessary 
functions to control track formatting, header search, 
and the reading and writing of data. The heart of the 
Disk Formatter is an advanced programmable se- 
quencer which is flexible enough to interface to a wide 
variety of read/write channels. The sequencer can 
contain 31 instructions, each of which is 5 bytes (40 
bits) in width. The width of the instructions allows for 
sophisticated branching techniques which increase 



the flexibility and power of the sequencer. The flexible 
disk interface can be configured through a wide range 
of capabilities. This allows the SSI 32C9022 to inter- 
face with nearly any read/write channel and allows the 
user of the SSI 32C9022 to select the read/write 
channel best suited to the device. Of course, by select- 
ing the SSI 32C9022 controller and the SSI 32D5392 
Data Synchronizer with 1 ,7 ENDEC, you are guaran- 
teed a problem free interface. 

Within the Disk Formatter are the ECC generator/ 
checker and ECC corrector. The generator/checker 
provides the ability to generate or check a 32 bit ECC 
for headers and an 88 bit Reed Solomon code for data. 
If the checker detects an error in an 88 bit Reed 
Solomon data field, the syndrome information is trans- 
ferred into the corrector. The corrector performs the 
necessary operations to determine if the error was 
correctable and interfaces directly with the buffer con- 
troller to perform the correction automatically. The 
corrector performs its correction within one half of a 
sector time. This guarantees that the corrector will 
always be available to correct the next sector if neces- 
sary. 

As its name implies, the Buffer Manager manages the 
data buffer of the controller. The Buffer Manager can 
support either SRAM or DRAM. When configured to 
operate with DRAM, the Buffer Manager automatically 
performs necessary refresh cycles. The Buffer Man- 
ager creates all of the necessary timing and control 
signals for a wide range of memory types and speeds. 
The Buffer Manager interfaces with the buffer memory, 
the SCSI Interface block, the data path of the Disk 
Formatter block, the ECC corrector and the micropro- 
cessor. If more than one of these devices requires 
access to the buffer memory, the Buffer Manager 
arbitrates the requests automatically. The Buffer Man- 
ager of the SSI 32C9022 can sustain SCSI operations 
at the rate of 1 megabytes per second, Disk Formatter 
operations at 48 megabits per second (6 megabytes 
per second) and still have sufficient band width left to 
handle on-the-f ly ECC corrections and microprocessor 
accesses without degrading performance on any of the 
interfaces. 
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PIN DESCRIPTION 

The following convention is used in the pin description: 
(I) denotes an input 
(O) denotes an output 
(Z) denotes a tri-state output 
(OD) denotes an open drain output 



GENERAL 



NAME 


TYPE 


DESCRIPTION 


VDD 




POWER SUPPLY PIN, VCC 


GND 




GROUND 


HOST INTERFACE 


SDBP 


I/O 


SCSI DATA BUS PARITY. Odd parity bit for the SCSI data bus. 


SDB(7:0) 


I/O 


SCSI DATA BUS BITS 7-0. 


aTn 


1 


ATTENTION. This active low signal is used by the initiatorto request a message out phase. 


BSY 


I/O 


BUSY. This active low signal is used to indicate when the bus is active. 


ACK 


1 


ACKNOWLEDGE. This active low signal is used in the handshake protocol to indicate the 
completion of a data byte transfer. 


SRST 


1 


SCSI RESET. This active low signal is used to reset the SCSI controller. 


MSG 





MESSAGE. This active low signal is used to indicate a message phase. 


SEL 


I/O 


SELECT. This active low signal is used to indicate either a selection or reselection phase. 


C/D 





COMMAND/DATA. This signal is used to indicate either a command or data phase. 


REQ 


1 


REQUEST. This active tow signal is used in the handshake protocol to initiate a data byte 
transfer. 


I/O 


1 


INPUT/OUTPUT. This signal is used to indicate the direction of data transfer. 


PAREN 


1 


SCSI PARITY ENABLE. This active high signal is used to enable parity checking of the 
SCSI data bus. Parity checking is disabled when this pin is held low. 


GPIO(2:0) 


I/O 


INPUT/OUTPUT. These pins are used to indicate the SCSI ID of the target device. The pins 
can be programmed as outputs for test purposes only. 


DISK INTERFACE 


INDEX 


1 


INDEX. Input for index pulse received from the drive. 


INPUT/ 
OUTPUT 


I/O 


DISK SEQUENCER INPUT/OUTPUT. A general purpose control (output) and status 
(input) pin configured by the Output Enable Bit of Register 71 H, bit 7. 

At power-on, this pin is an input. As an input, it can be used to synchronize the disk 
sequencer to an external event. As an output, it is controlled by bit 2 of the Control Field 
of the disk sequencer. 


AMD/ 
SECTOR 


I/O 


ADDRESS MARK DETECT/SECTOR. This pin is used in the hard sector mode as the 
sector input. A pulse on this pin indicates a sector mark is found. 

In the soft sector mode, a low-level input indicates an address mark was detected. The 
device powers up in soft sector default mode. 
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DISK INTERFACE (continued) 



NAME 


TYPE 


DESCRIPTION 


RG 





READ GATE. During disk data read, this pin is asserted. Active high. 


WG 





WRITE GATE. During disk data write, this pin is asserted. Active high. 


RRCLK 


I 


READ/REFERENCE CLOCK. This is a clock signal generated from an external data 
synchronizer. This clock is used to synchronize the input NRZ data and clock the disk 
formatter of the chip. 


WCLK 





WRITE CLOCK. This signal clocks the NRZ data out in the dual NRZ interface mode. 


NRZ1 


I/O 


NON RETURN TO ZER0 1 . In dual NRZ mode, this signal is the most significant bit read 
data input from the disk drive when the read gate signal is asserted; it is the most significant 
bit write data output to the disk drive when the write gate signal is asserted. In single NRZ 
mode, this signal is not used and should be grounded. NRZ1 is the leading bit of the bit pair. 
In Write mode, the MSB of the data bytes always appears on NRZ1 . 


NRZ 


I/O 


NON RETURN TO ZERO. In dual NRZ mode, this signal is the least significant bit read data 
input from the disk drive when the read gate signal is asserted; it is the least significant bit 
write data output to the disk drive when the write gate signal is asserted. In single NRZ mode, 
this signal is used to transfer NRZ data to/from the read channel chip. 


MICROPROCESSOR INTERFACE 


RST 


I 


R ESET. An asserted low input generates a component reset that holds the internal registers 
at reset, stops all operations within the chip, and deasserts all output signals. All input/output 
signals are set to the high-Z state during the assertion of this signal. 


ALE/M/NM 


I 


ADDRESS LATCH ENABLE/MULTIPLEXED/NON-MULTIPLEXED ADDRESS SELECT. 
When tied high or left floating after reset, the microprocessor interface is configured as non- 
multiplexed. When driven low, then the microprocessor interface is configured as multi- 
plexed. In this case this pin functions as the address latch enable, and the M A(7:0) pins are 
the demultiplexed address outputs. 


CS 


I 


CHIP SELECT. Active high signal, when asserted, the internal registers of the SSI 32C9022 
can be accessed. 


WR/R/W 


I 


WRITE STROBE/READ/WRITE. In the Intel bus mode, when an active low signal is present 
with CS signal high, the data is written to the internal registers. 
In the Motorola bus mode, this signal acts as the R/W signal. 


RD/DS 


I 


READ STROBE/DATA STROBE. In the Intel bus mode, when an active low signal is 
present with CS signal high, internal register data is read. 

In the Motorola mode, this signal acts as the DS signal. DS when active high is data strobe. 


DINT 


0, ODl 


DISK INTERRUPT. An active low signal indicates the controller is requesting microproces- 
sor service from the disk side. This signal is programmable for either a push-pull or open- 
drain output circuit. This signal powers up in the high-Z state. Register 4F bit 3 enables the 
pull-up. 
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MICROPROCESSOR INTERFACE (continued) 



NAME 


TYPE 


DESCRIPTION 


OlN 1 


U, UU/ 


SCSI INTERRUPT. This signal is generated by the SCSI controller and is an interrupt line 
to the microprocessor. It is programmable for either a push-pull or open drain output circuit. 
This signal powers up in the high-Z state. The interrupt is sourced from the SCSI Interrupt 
Register. Register 4 F bit 3 enables the pull-up. This signal is also programmable to be either 
an active high or low interrupt. 


AD(7:0) 


I/O 


ADDRESS/DATA BUS. When configured in the Intel mode, these lines are multiplexed, 
bidirectional microprocessor register address and data lines. 

When configured in the Motorola mode, these lines are bidirectional data lines. 


MA(7:0) 


I/O 


MICROPROCESSOR ADDRESS BUS: These signals are nonmultiplexed address input or 
latched address output lines. 


READY 





READY: When this signal is deasserted low, the microprocessor shall insert wait states to 
allow time for the chip to respond. 


l/MC 


I 


INTEL/MOTOROLA: This signal selects the microprocessor interface to be used. When this 
signal is asserted high, it selects the Intel bus control interface. When this signal is 
deasserted low, it selects the Motorola bus control interface. This signal has an internal pull- 
up to allow the default selection of the Intel bus control interface. 


BUFFER MANAGER INTERFACE 


BA(15:0) 





BUFFER MEMORY ADDRESS LINES 15 through 0. Active high, for direct connection to 
a Static or Dynamic RAM address lines. 


BA16/RAS 





BUFFER MEMORY ADDRESS 16: In SRAM mode, for direct connection to a Static RAM 
address line 16. 

ROW ADDRESS STROBE: In DRAM mode, for direct connection to a Dynamic RAM Row 
Address Strobe signal. 


BA17/CA5 





BUFFER MEMORY ADDRESS 17: In SRAM mode, for direct connection to a Static RAM 
address line 17. 

ROW ADDRESS STROBE: In DRAM mode, active low, for direct connection to a Dynamic 
RAM Column Address Strobe signal. 


BD(7:0) 


I/O 


BUFFER MEMORY DATA BUS. 7 through 0. Active high, buffer data bus that connects 
directly to the buffer RAM data lines. 


BDP 


I/O 


BUFFER MEMORY DATA PARITY. This signal provides odd parity for the buffer memory 
data bus during transfers to/from the buffer memory to the buffer RAM. 


MOE 





MEMORY OUTPUT ENABLE. In SRAM mode this signal is asserted towwhen every buffer 
memory access is active. In DRAM mode this signal is asserted low only for buffer memory 
read operation. 


MS 





MEMORY SELECT. An active low signal indicates external memory is selected. 


WE 





WRITE ENABLE. Active low, write enable for the buffer RAM. 


SYSCLK 


I 


SYSTEM CLOCK. This signal is used to synchronize the buffer RAM access, including the 
generation of memory address bits, write enable WE, and memory output enable MOE. 
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ELECTRICAL SPECIFICATIONS 
ABSOLUTE MAXIMUM RATINGS 

Maximum limits indicate where permanent device damage occurs. Continuous operation at these limits is not 
intended and should be limited to those conditions specified in the DC operating characteristics. 



PARAMETER 


RATING 


Power Supply Voltage, VCC 


7V 


Ambient Temperature 


to 70°C 


Storage Temperature 


-65to150°C 


Power Dissipation 


750 mW 


Input, Output pins 


-0.5 to VCC+0.5V 



ELECTRICAL CHARACTERISTICS 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNITS 


VCC Power Supply Voltage 




4.50 




5.5Q 


V 


ICC Supply Current 


Ta = 25°C Outputs Unloaded 






50 


mA 


ICCS Supply Current 








500 


uA 


VIL Input Low Voltage 




-0.5 




0.8 


V 


VOIH Input High Voltage 




2.0 




VCC+0.5 


V 


VOL Output Low Voltage 


All pins except SCSI interface, 
IOL = 2mA 






0.4 


V 


VOL Output Low Voltage 


SCSI interface pins, 
IOL = 48 mA 






0.5 


V 


VOH Output High Voltage 


IOH = -400 uA 






2.4 


V 


IL Input Leakage Current 


< VIN < VCC 


-10 




10 


uA 


CIN Input Capacitance 








10 


PF 


COUT Output Capacitance 








10 


PF 
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MICROPROCESSOR INTERFACE TIMING 



Multiplexed Interface Timing Parameters (Figures 2-5) 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNITS 


Ta 


ALE width 




20 






ns 


Tma 


Address valid to MA(7:0) valid 








30 


ns 


Tr 


RD width 




80 






ns 


As 


Address valid to ALE i 




5 






ns 


Ah 


ALE 1 to address invalid 




10 






ns 


Cs 


CS valid to RT) 1 or DS T 




20 






ns 


Ch 


RDTor DSitoCSi 











ns 


Tda 


RD i or DS t to read data valid 








60 


ns 


Tds 


DS width 




80 






ns 


Tdh 


RD t or DS I to read data invalid 









25 


ns 


Tsrw 


R/W valid to DST 




20 






ns 


Thrw 


DS I to R/W invalid 




20 






ns 


Tdrdy 


RD I to READY i (Intel) or 
DS t to READY I (Motorola) 








30 


ns 


Wds 


Write data valid to WR T or 
DS4, 




40 






ns 


Wdh 


WR t or DS i to write data invalid 




10 






ns 



Note: T indicates rising edge i indicates falling edge 



Non-Multiplexed Bus Interface Timings (Figure 6) 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNITS 


Tmas MA(7:0) valid to DS i 




5 






ns 


Tmah DS T to MA(7:0) invalid 




5 






ns 


Cs CS valid to DS 4 




20 






ns 


Ch DS T to CS i 











ns 


Tda DS t to read data valid 








60 


ns 


Tds DS width 




80 






ns 


Tdh DS T to read data invalid 









25 


ns 


Tsrw R/W valid to DS i 




20 






ns 


Thrw DS T to R/W invalid 




20 






ns 


Tdrdy DS T to READY i (Motorola) 








30 


ns 


Wds Write data valid to WR t or DS i 




40 






ns 


Wdh WR T or DS i to write data invalid 




10 






ns 



Note 1 : T indicates rising edge i indicates falling edge 



Note 2: Loading capacitor - 30 pF 



SSI 32C9022 
SCSI Combo Controller 
48 Mbit/s; dual bit NRZ interface 




FIGURE 2: Intel Register Multiplexed Read Timing 
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FIGURE 3: Motorola Register Multiplexed Read Timing 
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FIGURE 4: Intel Register Multiplexed Write Timing 
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FIGURE 5: Motorola Register Multiplexed Write Timing 
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FIGURE 6: Non-Multiplexed Bus Timing Diagrams 
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ELECTRICAL SPECIFICATIONS (continued) 
Disk Interface Timing 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNITS 


T 


RRCLK period 




41 






ns 


112 


RRCLK high/low time 




18 






ns 


Tr.Tf 


RRCLK rise/fall time 








3 


ns 


Dis 


NRZ in valid to RRCLK T 




3 






ns 


Dih 


RRCLK T to NRZ in invalid 




3 






ns 


As 


AMD valid to RRCLK T 




3 






ns 


Tckd 


RRCLK A to WCLK A or 
RRCLK T to WCLK t 








8 


ns 


Dv 


WCLK A to NRZ out valid 








±1 


ns 



Note: t indicates rising edge 
Loading capacitor = 1 pF 



A indicates falling edge 



RRCLK 



NRZ(U.L) "V ' 
in " A — 



-Td- 



JTd/2^ 



Td/2. 



WCLK " 



Tckld 



Dis 



Valid Data 



NRZ(U.L) ' 
out ' 



Valid Data 



AMD 



As - 



Dih 



TckkJ 



Valid Data 



Dv 



FIGURE 7: Disk Interface Timing 
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BUFFER MEMORY READ/WRITE TIMING PARAMETERS 



PARAMETER 


MIN 


MAX 


UNIT 


T SYSCLK period 


25 




ns 


T/2 SYSCLK high/low time 


10 




ns 


Tav SYSCLK / to address valid (Note 1 ) 




18 


ns 


Tmsv SYSCLK / to M§\ (Notes 1 , 6) 




18 


ns 


Tmsh SYSCLK / to MS/ (Note 1 ) 




18 


ns 


Tmv SYSCLK / to MOE\ (Note 1 ) 




18 


ns 


Tmh SYSCLK / to MOE/ (Note 1 ) 




18 


ns 


Twv SYSCLK / to WE\ (Note 1 ) 




18 


ns 


Twh SYSCLK / to WE/ (Note 1 ) 




18 


ns 


Tdov SYSCLK to data out valid (Note 1 ) 




18 


ns 


Tdoh SYSCLK to data out invalid (Note 1 ) 




18 


ns 


Tdis 


Data in valid to MOE / (SRAM) 
Data in valid to CAS / (DRAM) 


5 




ns 


Tdih 


MOE / to data in valid (SRAM) 
CAS / to data in valid (DRAM) 







ns 


Trv SYSCLK / to RAS\ (Note 1 ) 




18 


ns 


Trh SYSCLK / to RAS/ (Note 1 ) 




18 


ns 


Trav SYSCLK to row address valid (Note 1 ) 




18 


ns 


Trah SYSCLK / to row address invalid (Note 1 ) 




18 


ns 


Tcv SYSCLK / to CAS\ (Note 1 ) 




18 


ns 


Tch SYSCLK / to CAS/ (Note 1 ) 




18 


ns 


Tcav SYSCLK / to column address valid (Note 1 ) 




18 


ns 


Tcah SYSCLK / to column address invalid 







ns 
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ELECTRICAL SPECIFICATIONS (continued) 



BUFFER MEMORY READ/WRITE TIMING PARAMETERS (continued) 



PARAMETER 



CONDITIONS 



MIN 



UNIT 



Trwl RAS\ to RAS/ 



Notes 2, 3 



(RWL + 3)-T)-2 



ns 



Trwh 



RAS/ to RAS\ 



Notes 2, 4 



(RWH + 1)-T)-2 



ns 



Tcwl CAS\toCA§/ 



Note 2 



(CWL + 1)-T)-2 



ns 



Tcwl CA§/toCAS\ 



Notes 2, 5 



(CWL + 1)-T)-2 



ns 



Note: Loading capacitance = 30 pF 

Note 1 : The measured delay for any of the signal indicated by this note will not vary from the measured delay 
of any other signal indicated by this note by more than ±1 ns. 

Note 2: RWL, RWH, CWL and CWH are fields in the Buffer Manager Timing Control Register (54H). Each 
is a two bit field which can contain a value of 0, 1 , 2, or 3. These values determine the minimum 
number of SYSCLK periods (T) for the associated signal width. 

Note 3: The minimum width value of Trwl will be generated for refresh cycles and for any buffer memory 
access cycle except when multiple page mode a ccesses are performed. When multiple page mode 
accesses are performed, the width of the RAS low pulse is extended until the end of the last CAS 
low cycle. 

Note 4: The minumum value of Trwh will be generated whenever the Buffer Manager determines that a 
buffer request is pending at the completion of the current memory cycle and a page mode access 
can not be used either because page mode operation is not enabled or the needed location is not 
within the current page. 

Note 5: The minumum value of Tcwh will be generated only between consecutive page mode accesses. 

Note 6: MS will rise only if the Buffer Manager determines that no additional requests for buffer access are 
pending. If the Buffer Manager determines that another access is to be Made, MS is kept low 
between the accesses for improved speed. 
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SYSCLK 



WE 



MS 



BA(17:0) 



BD(7:0) 



Twba 



-Tmv 



Tmh- 



TV 



-Tmsv 



-Tmsh 



V 



-Tav 



X 



IX 



-Tav 



■Tdh 



-Tds 



Note: Twba is a functional parameter that gives the duration of one RAM data buffer access cycle in SYSCLK 
periods. The value is programmed in bits 1-0 of register 54H. These examples show Twba = 4T. 



FIGURE 8: SRAM Read Timing 
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FIGURE 9: SRAM Write Timing 
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FIGURE 10: DRAM Timing, Refresh Cycle (Shown with WRL = 0) 
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FIGURE 11 : DRAM Timing, Standard Cycle (Shown with RWL = and CWL = 0) 
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FIGURE 12: DRAM Timing, Fast Page Cycles (Shown with RWL = 0, RWH = 0, CWL = and CWH = 0) 
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FIGURE 13: DRAM Timing (Showing the Relationship of RWL, RWH, CWL and CWH to overall timing) 
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SCSI Asynchronous Timing Paraemeters 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNITS 


Tods Data Setup to ACK\ 


SCSI Output Phase 


5 






ns 


Todh Data Hold from ACK\ 


SCSI Output Phase 


12 






ns 


Talrh ACK\toRECy 








49 


ns 


Tids Data Setup to REQ \ 


SCSI Input Phase 


80 






ns 


Tidh Data Hold from ACK\ 


SCSI Input Phase 


29 






ns 



Note: All timing parameters are measured with 200 pf load, two SCSI terminator loads with ACK Filter turned 
off. 



SCSI Data 
From Device 



SCSI Data 
From Initiator 



X 



Valid 



Tods 



-Talrh- 



f 



-Tidh- 



Todh 



Valid 



FIGURE 14: SCSI Asynchronous Timing 
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SCSI Synchronous Timing Paramenters 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNITS 


Trh 


REQ Assertion Time 




^7 
O/ 




Aft 


nc 
1 lb 


Trl 


REQ Deassertion Time 




63 




52 


ns 


Tids 


Setup time SCSI Data to REQ\ 


Write to SCSI bus 


43 






ns 


Tidh 


Hold time RE5\to 
SCSI Data invalid 


Write to bus 


43 






ns 


Tal 


Minimum ACK Assertion 
Width Required 




10 






ns 


Tods 


Data Setup to ACK\ 


Read from the SCSI bus 


5 






ns 


Todh 


Data Hold from ACK\ 


Read from the SCSI bus 


12 






ns 



Note: All timing parameters are measured with 200 pf load, two SCSI terminator loads, ACK filter turned off. 




FIGURE 15: SCSI Synchronous Timing 
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Synchronous Data In/Out Phase 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNITS 


Txtrp* 


Synchronous Transfer Period 


(see note) 








ns 


Tsrl 


SYSFREQ high to REQ low 








50 


ns 


Tsrh 


SYSFREQ high to RE(5 high 








60 


ns 


Tdov 


SYSFREQ high to data 
out valid 








40 


ns 


Tdsu 


Data setup to ACK low 




55 






ns 


Tdh 


Data hold from ACK low 




40 






ns 



Note: Txtrp is the Synchronous Transfer Period as defined by the Synchronous Control Register (Reg: 43H). 
SYSFREQ is a function of the BUFCLK and is determined by the prescale value as defined by the Clock 
Control Register (Reg: 49H). 




FIGURE 16: Even Number of SYSFREQ Cycles/SCSI Transfer Period 
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FIGURE 17: Odd Number of SYSFREQ Cycles/SCSI Transfer Period 
Wait for Selection 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNITS 


Tbsd Bus Settle Delay (400 ns) 
to the assertion of BSY 




3T + 90 




4T + 90 


ns 



Note: T is the SCSI Clock Period (SCP) as defined in Register 49H (CLKCTL). 




FIGURE 18: Wait for Selection 
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Arbitration 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNITS 


Tbfsd Bus Settle Delay (400 ns) + 

Bus Free Delay (800 ns) to the 
assertion of BSY and SDB OID 




6T+110 




7T+ 110 


ns 


Tad Arbitration Delay (2.4 usee) 

to the assertion of SEL (win) or 
deassertion of BSY and 
SDB OID (lost) 








13T+ 100 


ns 


Tbcsd Bus Clear Delay (800 ns)+ 
Bus Settle Delay (400 ns) to 
end of Arbitration Phase 








6T+100 


ns 



Note: T is the SCSI Clock Period (SCP) as defined in Register 61 H (CLKCTL). 
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FIGURE 19: Arbitration 
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Rese lection 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNITS 


1 UOoU DUS L/lcdl Uolaj ^OUU 115/ + 

Bus Settle Delay (400 ns) to 
end of Arbitration Phase 








rt j. 1 nn 

D 1 + I UU 


nc 


Tdskdl Two Deskew Delays (90 ns) 
to the deassertion of BSY 








160 


ns 


Tbsd Bus Settle Delay (400 ns) to 
the assertion of BSY 








2T + 40 


ns 


Tdskd2 Two Deskew Delays (90 ns) 
to the deassertion of SEL, 
SDB O | , and SDB DID 




1T+70 




2T + 70 


ns 



Note: T is the SCSI Clock Period (SCP) as defined in Register 61 H (CLKCTL). 
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FIGURE 20: Reselection 
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PACKAGE PIN DESIGNATIONS 

(Top View) 
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Advance Information: Indicates a product still in the design cycle, and any specifications are based on design goals only. Do not use for 
final design. 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights of 
third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
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is current before placing orders. 
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DESCRIPTION 

The SSI 32C9023 is an advanced CMOS VLSI device 
which integrates major portions of the hardware needed 
to build an SCSI disk drive. The circuitry of the SSI 
32C9023 includes a complete SCSI target interface, an 
advanced buffer manager, a high performance disk 
formatter and an 88 bit Reed-Solomon ECC with fast 
"on-the-fly" hardware correction. The SSI 32C9023 
provides maximum performance while minimizing mi- 
cro controller intervention. 

The SSI 32C9023 provides a Dual Bit Interface to the 
ENDEC. The Dual Bit Interface allows an effective 
transfer rate of up to 72 megabits per second on the disk 
interface by utilizing two parallel NRZ data signals and 
a clock rate of 36 MHz. The reduction of overall clock 
rates between the SSI 32C9023 and the ENDEC can be 
of great benefit to the designer. 

The SSI 32C9023can sustain concurrenttransfers of up 
to 72 megabits per second transfer rate to the disk and 
10 megabytes per second across the SCSI bus. In 
addition, on-the-fly error corrections and micro control- 
ler accesses to the buffer memory will not degrade the 
throughput during transfers. 

(continued) 
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Advance Information 



January 1993 

FEATURES 

• SCSI Bus Interface 

- Full SCSI-2 Compatibility 

- Direct bus interface logic with on-chip 
48 mA drivers 

- Synchronous transfer rates up to 
10 megabytes per second 

- Asynchronous transfer rates up to 
5 megabytes per second 

- Parity generation and checking 

- Auto Command Mode (ACM) SCSI state 
machine performs high level SCSI 
sequences without microprocessor 
intervention 

- Four level ACM command FIFO supports 
automatic execution of multiple ACM 
commands 

- Hardware support for automatic handling 
of SCSI-2 command queuing 

- Automatic SCSI CDB size determination 

- Automatic SCSI Disconnect and Reconnect 

- Sixteen byte data FIFO between SCSI 
channel and Buffer Manager 

(continued) 
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DESCRIPTION (continued) 

The SSI 32C9023 is one of a family of Silicon Systems' 
single chip disk controllers which support a wide range 
of device interfaces. The SSI 32C9020 is similar to the 
SSI 32C9023, but supports a Single Bit or Serial NRZ 
interface for applications which require this feature. The 
SSI 32C9022 is pin compatible with the SSI 32C9023 
but supports disk data transfers rate up to only 48 
megabits per second. Other family members support 
AT and PCMCIA interfaces. The Silicon Systems' chip 
family is illustrated in the hierarchy chart shown in Figure 
1 . All members are based on a common architecture 
allowing major portions of firmware to be reused. 

The high level of integration within the SSI 32C9023 
represents a major reduction in parts count. When the 
SSI 32C9023 SCSI Controller is combined with the SSI 
32R2010Read/Write device, the SSI 32P3000 Pulse 
Detector, the SSI 32D4040 Dual Bit Data Synchronizer 
with 1 ,7 ENDEC, the 32H4631 Servo and Motor Speed 
Controller, an appropriate micro controller and memory, 
a complete, cost efficient, high performance intelligent 
drive solution is created. 

FEATURES (continued) 

• Buffer Manager 

- Direct support of DRAM or SRAM 

- SRAM throughput to 20 megabytes 
per second 

- SRAM size up to 256k bytes 

- DRAM throughput to 17.78 megabytes 
per second 

- DRAM size up to 1 megabyte 
Prog rammable memory tim ing 



- Buffer RAM segmentation with flexible seg- 
ment sizes from 256 bytes to 1 megabyte 

- Dedicated host, disk and microprocessor 
address pointers 

- Internal buffer protection circuit provides 
buffer Integrity 

• Disk Formatter 

- Dual Bit NRZ Interface 

- Effective Data Rates to 72 megabits/s 
(36 MHz Dual Bit Transfers) 

- Automatic multi-sector transfer 

- Header or microprocessor based split 
data f ield support 

- Advanced sequencer organized in 
31 x 5 bytes 

- 88-bit Reed Solomon ECC with "on-the- 
fly" fast hardware correction circuitry 

- Capable of correcting up to four 10-bit 
symbols in error 

- Guaranteed to correct one 31 -bit burst or 
two 11 -bit bursts 

- Hardware on-the-fly correction of either 
an 11- or 31 -bit single burst error within a 
half sector time 

- Detects up to one 51 -bit burst or three 
11 -bit bursts 

• Microprocessor Interface 

- Supports both multiplexed or 
non-multiplexed microprocessors 

- Separate or combined host and disk 
interrupts 

- Prog rammable wait state insertion 

• Other Features 

- Internal power down mode 

- Available in 128-pin QFP 
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FIGURE 1: Silicon Systems' Single Chip Controller Hierarchy 
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FUNCTIONAL DESCRIPTION 

The SSI 32C9023 contains the following four major 
functional blocks: 

Microcontroller Interface 
SCSI Interface 
Disk Formatter 
Buffer Manager 

The Microprocessor Interface allows the local micropro- 
cessor access to all of the SSI 32C9023 internal control 
registers and any location within the buffer memory. The 
microprocessor, by writing and reading the internal 
registers can control all activities of the SSI 32C9023. 
The microprocessor can elect to perform SCSI and/or 
disk operations directly, or it can enable the advanced 
features of the SSI 32C9023 which can perform all 
typical operations automatically. 

The SCSI Interface block handles all SCSI activities. 
The SCSI interface includes 48 mA drivers allowing for 
direct connection of the SSI 32C9023 to the SCSI bus. 
The SCSI interface logic includes Auto Command Mode 
(ACM) logic, an advanced state machine capable of 
handling a variety of complex SCSI sequences without 
microprocessor intervention. The microprocessor can 
queue up to four ACM commands into the ACM Com- 
mand FIFO to create even more sophisticated com- 
mand sequences. The SCSI block interfaces directly 
with the Buffer Manager via an internal speed matching 
FIFO. This FIFO, plus the bandwidth capabilities of the 
Buffer Manager guarantee sustained full speed trans- 
fers across the SCSI bus. The high level of automation 
of the ACM minimizes SCSI bus overhead. The net 
result is maximized performance with minimum SCSI 
bus band width utilization. 

The Disk Formatter performs the serialization and 
deserialization of data. If provides all of the necessary 
functions to control track formatting, header search, and 
the reading and writing of data. The heart of the Disk 
Formatter is an advanced programmable sequencer 
which is flexible enough to interface to a wide variety of 
read/write channels. The sequencer can contain 31 
instructions, each of which is 5 bytes (40 bits) in width. 
The width of the instructions allows for sophisticated 
branching techniques which increase the flexibility and 



power of the sequencer. The flexible disk interface can 
be configured through a wide range of capabilities. This 
allows the SSI 32C9023 to interface with nearly any 
read/write channel and allows the user of the SSI 
32C9023 to select the read/write channel best suited to 
the device. Of course, by selecting the SSI 32C9023 
controller and the SSI 32D4040 Data Synchronizer with 
1 ,7 ENDEC, you are guaranteed a problem free inter- 
face. 

Within the Disk Formatter are the ECC generator/ 
checker and ECC corrector. The generator/checker 
provides the ability to generate or check a 32 bit ECC for 
headers and an 88 bit Reed Solomon code for data. If 
the checker detects an error in an 88 bit Reed Solomon 
data field, the syndrome information is transferred into 
the corrector. The corrector performs the necessary 
operations to determine if the error was correctable and 
interfaces directly with the buffer controller to perform 
the correction automatically. The corrector performs its 
correction within one half of a sector time. This 
gaurantees that the corrector will always be available to 
correct the next sector if necessary. 

As its name implies, the Buffer Manager manages the 
data buffer of the controller. The Buffer Manager can 
support either SRAM or DRAM. When configured to 
operate with DRAM, the Buffer Manager automatically 
performs necessary refresh cycles. The Buffer Manager 
creates all of the necessary timing and control signals for 
a wide range of memory types and speeds. The Buffer 
Manager interfaces with the buffer memory, the SCSI 
Interface block, the data path of the Disk Formatter 
block, the ECC corrector and the microprocessor. If 
more than one of these devices requires access to the 
buffer memory, the Buffer Manager arbitrates the re- 
quests automatically. The Buffer Manager of the SSI 
32C9023 can sustain SCSI operations at the rate of 1 
megabytes per second, Disk Formatter operations at 72 
megabits per second (9 megabytes per second) and still 
have sufficient band width left to handle on-the-f ly ECC 
corrections and microprocessor accesses without de- 
grading performance on any of the interfaces. 
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PIN DESCRIPTION 

The following convention is used in the pin description: 
(I) denotes an input 
(O) denotes an output 
(Z) denotes a tri-state output 
(OD) denotes an open drain output 



GENERAL 



NAME 


TYPE 


DESCRIPTION 


VDD 




POWER SUPPLY PIN, VCC 


GND 




GROUND 


HOST INTERFACE 


SDBP 


I/O 


SCSI DATA BUS PARITY. Odd parity bit for the SCSI data bus. 


SDB(7:0) 


I/O 


SCSI DATA BUS BITS 7-0. 


aTn 


1 


ATTENTION. This active low signal is used by the initiator to request a message out phase. 


BSY 


I/O 


BUSY. This active low signal is used to indicate when the bus is active. 


ACK 


1 


ACKNOWLEDGE. This active low signal is used in the handshake protocol to indicate the 
completion of a data byte transfer. 


SRST 


1 


SCSI RESET. This active low signal is used to reset the SCSI controller. 


MSG 


o 


MESSAGE. This active low signal is used to indicate a message phase. 


SEE 


I/O 


SELECT. This active low signal is used to indicate either a selection or reselection phase. 


C/D 





COMMAND/DATA. This signal is used to indicate either a command or data phase. 


REQ 


1 


REQUEST. This active low signal is used in the handshake protocol to initiate a data byte 
transfer. 


I/O 


1 


INPUT/OUTPUT. This signal is used to indicate the direction of data transfer. 


PAREN 


1 


SCSI PARITY ENABLE. This active high signal is used to enable parity checking of the 
SCSI data bus. Parity checking is disabled when this pin is held low. 


GPIO(2:0) 


I/O 


INPUT/OUTPUT. These pins are used to indicate the SCSI ID of the target device. The pins 
can be programmed as outputs for test purposes only. 


DISK INTERFACE 


INDEX 


1 


INDEX. Input for index pulse received from the drive. 


INPUT/ 
OUTPUT 


I/O 


DISK SEQUENCER INPUT/OUTPUT. A general purpose control (output) and status 
(input) pin configured by the Output Enable Bit of Register 71 H, bit 7. 

At power-on, this pin is an input. As an input, it can be used to synchronize the disk 
sequencer to an external event. As an output, it is controlled by bit 2 of the Control Field 
of the disk sequencer. 


AMD/ 
SECTOR 


I/O 


ADDRESS MARK DETECT/SECTOR. This pin is used in the hard sector mode as the 
sector input. A pulse on this pin indicates a sector mark is found. 

In the soft sector mode, a low-level input indicates an address mark was detected. The 
device powers up in soft sector default mode. 
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DISK INTERFACE (continued) 



NAME 


TYPE 


DESCRIPTION 


RG 





READ GATE. During disk data read, this pin is asserted. Active high. 


WG 





WRITE GATE. During disk data write, this pin is asserted. Active high. 


RRCLK 


I 


READ/REFERENCE CLOCK. This is a clock signal generated from an external data 
synchronizer. This clock is used to synchronize the input NRZ data and clock the disk 
formatter of the chip. 


WCLK 





WRITE CLOCK. This signal clocks the NRZ data out in the dual NRZ interface mode. 


NRZ1 


I/O 


NON RETURN TO ZER0 1 . In dual NRZ mode, this signal is the most significant bit read 
data input from the disk drive when the read gate signal is asserted ; it is the most significant 
bit write data output to the disk drive when the write gate signal is asserted. In single NRZ 
mode, this signal is not used and should be grounded. NRZ1 is the leading bit of the bit pair. 
In Write mode, the MSB of the data bytes always appears on NRZ1 . 


NRZ 


I/O 


NON RETURN TO ZERO. In dual NRZ mode, this signal is the least significant bit read data 
input from the disk drive when the read gate signal is asserted; it is the least significant bit 
write data output to the disk drive when the write gate signal is asserted. In single NRZ mode, 
this signal is used to transfer NRZ data to/from the read channel chip. 


MICROPROCESSOR INTERFACE 


RST 


I 


RESET. An asserted low input generates a component reset that holds the internal registers 
at reset, stops all operations within the chip, and deasserts all output signals. All input/output 
signals are set to the high-Z state during the assertion of this signal. 


ALE/M/NM 


I 


ADDRESS LATCH ENABLE/MULTIPLEXED/NON-MULTIPLEXED ADDRESS SELECT. 
When tied high or left floating after reset, the microprocessor interface is configured as non- 
multiplexed. When driven low, then the microprocessor interface is configured as multi- 
plexed. In this case this pin functions as the address latch enable, and the M A(7:0) pins are 
the demultiplexed address outputs. 


CS 


I 


CHIP SELECT. Active high signal, when asserted, the internal registers of the SSI 32C9022 
can be accessed. 


WR/R/W 


I 


WRITE STROBE/READ/WRITE. In the Intel bus mode, when an active low signal is present 
with CS signal high, the data is written to the internal registers. 
In the Motorola bus mode, this signal acts as the R/W signal. 


RD/DS 


I 


READ STROBE/DATA STROBE. In the Intel bus mode, when an active low signal is 
present with CS signal high, internal register data is read. 

In the Motorola mode, this signal acts as the DS signal. DS when active high is data strobe. 


DINT 


0, 0D,Z 


DISK INTERRUPT. An active low signal indicates the controller is requesting microproces- 
sor service from the disk side. This signal is programmable for either a push-pull or open- 
drain output circuit. This signal powers up in the high-Z state. Register 4F bit 3 enables the 
pull-up. 
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MICROPROCESSOR INTERFACE (continued) 



NAME 


TYPE 


DESCRIPTION 


OIMT 
OIIN 1 


o on 7 


cpoi IMTFRRI IPT Thic cinnal iq npnpratpH hv thp Sf^SI finntrnllpr anri i<$ an intprnint linp 

to the microprocessor. It is programmable for either a push-pull or open drain output circuit. 
This signal powers up in the high-Z state. The interrupt is sourced from the SCSI Interrupt 
Register. Register 4F bit 3 enables the pull-up. This signal is also programmable to be either 
an active high or low interrupt. 


AD(7:0) 


I/O 


ADDRESS/DATA BUS. When configured in the Intel mode, these lines are multiplexed, 
bidirectional microprocessor register address and data lines. 

When configured in the Motorola mode, these lines are bidirectional data lines. 


MA(7:0) 


I/O 


MICROPROCESSOR ADDRESS BUS: These signals are nonmultiplexed address input or 
latched address output lines. 


READY 





READY: When this signal is deasserted low, the microprocessor shall insert wait states to 
allow time for the chip to respond. 


l/MC 


I 


INTEL/MOTOROLA: This signal selects the microprocessor interface to be used. When this 
signal is asserted high, it selects the Intel bus control interface. When this signal is 
deasserted low, it selects the Motorola bus control interface. This signal has an internal pull- 
up to allow the default selection of the Intel bus control interface. 


BUFFER MANAGER INTERFACE 


BA(15:0) 





BUFFER MEMORY ADDRESS LINES 15 through 0. Active high, for direct connection to 
a Static or Dynamic RAM address lines. 


BA16/RAS 





BUFFER MEMORY ADDRESS 16: In SRAM mode, for direct connection^ a Static RAM 
address line 16. 

ROW ADDRESS STROBE: In DRAM mode, for direct connection to a Dynamic RAM Row 
Address Strobe signal. 


BA17/CAS 





BUFFER MEMORY ADDRESS 17: In SRAM mode, for direct connection to a Static RAM 
address line 17. 

ROW ADDRESS STROBE: In DRAM mode, active low, for direct connection to a Dynamic 
RAM Column Address Strobe signal. 


BD(7:0) 


I/O 


BUFFER MEMORY DATA BUS. 7 through 0. Active high, buffer data bus that connects 
directly to the buffer RAM data lines. 


BDP 


I/O 


BUFFERMEMORY DATA PARITY. This signal provides odd parity for the buffer memory 
data bus during transfers to/from the buffer memory to the buffer RAM . 


MOE 





MEMORY OUTPUT ENABLE. InSRAM mode this signal is asserted tow when every buffer 
memory access is active. In DRAM mode this signal is asserted low only for buffer memory 
read operation. 


MS 





MEMORY SELECT. An active low signal indicates external memory is selected. 


WE 





WRITE ENABLE. Active low, write enable for the buffer RAM. 


SYSCLK 


I 


SYSTEM CLOCK. This signal is used to synchronize the buffer RAM access, including the 
generation of memory address bits, write enable WE, and memory output enable MOE. 
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ELECTRICAL SPECIFICATIONS 
ABSOLUTE MAXIMUM RATINGS 

Maximum limits indicate where permanent device damage occurs. Continuous operation at these limits is not 
intended and should be limited to those conditions specified in the DC operating characteristics. 



PARAMETER 


RATING 


Power Supply Voltage, VCC 


7V 


Ambient Temperature 


to 70°C 


Storage Temperature 


-65to150°C 


Power Dissipation 


750 mW 


Input, Output pins 


-0.5 to VCC+0.5V 



ELECTRICAL CHARACTERISTICS 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNITS 


VCC Power Supply Voltage 




4.50 




5.50 


V 


ICC Supply Current 


Ta = 25°C Outputs Unloaded 






50 


mA 


ICCS Supply Current 








500 


uA 


VIL Input Low Voltage 




-0.5 




0.8 


V 


VOIH Input High Voltage 




2.0 




VCC+0.5 


V 


VOL Output Low Voltage 


All pins except SCSI interface, 
IOL = 2mA 






0.4 


V 


VOL Output Low Voltage 


SCSI interface pins, 
IOL = 48 mA 






0.5 


V 


VOH Output High Voltage 


IOH = -400 uA 






2.4 


V 


IL Input Leakage Current 


< VIN < VCC 


-10 




10 


uA 


CIN Input Capacitance 








10 


PF 


COUT Output Capacitance 








10 


PF 
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MICROPROCESSOR INTERFACE TIMING 



Multiplexed Interface Timing Parameters (Figures 2-5) 



PARAMETER 


pom nrnriMQ 


MIM 

mini 


IMVslVI 


MAY 


IIMITC 
Ul>f 1 1 o 


Ta 


ALE width 




C\J 






ns 


Tma 


Address valid to MA(7:0) valid 








30 


ns 


Tr 


RD width 




oU 






ns 


As 


Address valid to ALE i 




5 






ns 


Ah 


ALE i to address invalid 




10 






ns 


Cs 


CS valid to RD i or DS t 




20 






ns 


Ch 


RD T or DS i to CS i 











ns 


Tda 


RD i or DS T to read data valid 








60 


ns 


Tds 


DS width 




80 






ns 


Tdh 


RD T or DS ! to read data invalid 









25 


ns 


Tsrw 


R/W valid to DSt 




20 






ns 


Thrw 


DS i to R/W invalid 




20 






ns 


Tdrdy 


RD I to READY i (Intel) or 
DS T to READY I (Motorola) 








30 


ns 


Wds 


Write data valid to WR T or 
DSi 




40 






ns 


Wdh 


WR t or DS x i to write data invalid 




10 






ns 



Note: T indicates rising edge I indicates falling edge 



Non-Multiplexed Bus Interface Timings (Figure 6) 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNITS 


Tmas MA(7:0) valid to DS i 




5 






ns 


Tmah DS T to MA(7:0) invalid 




5 






ns 


Cs CS valid to DS i 




20 






ns 


Ch DS T to CS i 











ns 


Tda DS T to read data valid 








60 


ns 


Tds DS width 




80 






ns 


Tdh DS T to read data invalid 









25 


ns 


Tsrw R/W valid to DS i 




20 






ns 


Thrw DS t to R/W invalid 




20 






ns 


Tdrdy DS T to READY i (Motorola) 








30 


ns 


Wds Write data valid to WR T or DS i 




40 






ns 


Wdh WR t or DS i to write data invalid 




10 






ns 



Note 1 : T indicates rising edge I indicates falling edge 



Note 2: Loading capacitor = 30 pF 
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FIGURE 2: Intel Register Multiplexed Read Timing 
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FIGURE 3: Motorola Register Multiplexed Read Timing 
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FIGURE 4: Intel Register Multiplexed Write Timing 
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FIGURE 5: Motorola Register Multiplexed Write Timing 
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FIGURE 6: Non-Multiplexed Bus Timing Diagrams 
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ELECTRICAL SPECIFICATIONS (continued) 
Disk Interface Timing 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNITS 


T 


RRCLK period 




20.8 






ns 


T/2 


RRCLK high/low time 




8.5 






ns 


Tr,Tf 


RRCLK rise/fall time 








3 


ns 


Dis 


NRZ in valid to RRCLK T 




3 






ns 


Dih 


RRCLK T to NRZ in invalid 




3 






ns 


As 


AMD valid to RRCLK T 




3 






ns 


Tckd 


RRCLK I to WCLK 1 or 
RRCLK T to WCLK T 








8 


ns 


Dv 


WCLK i to NRZ out valid 








±1 


ns 



Note: T indicates rising edge 
Loading capacitor = 10 pF 



1 indicates falling edge 
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FIGURE 7: Disk Interface Timing 
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BUFFER MEMORY READ/WRITE TIMING PARAMETERS 



PAHAMcTcR 


MIN 


MAX 


UNIT 


T SYSCLK period 


25 




ns 


t/2 SYSCLK high/low time 


10 




ns 


i av o touli\ / to address valid (Note i ) 




■i o 

lo 


ns 


1 IllbV OYOL/Lr\ / 10 Mo\ (iMOieS 1 , D; 




1 ft 
I o 


ns 


Tmsh SYSCLK / to M5/ (Note 1 ) 




18 


ns 


Tmv SYSCLK/ to M0E\ (Note 1) 




1ft 
■ o 


nc 
1 lo 


Tmh SYSCLK / to MOE/ (Note 1 ) 




18 


ns 


Twv SYSCLK / to WE\ (Note 1 ) 




18 


ns 


Twh SYSCLK /to WE/ (Note 1) 




18 


ns 


Tdov SYSCLK to data out valid (Note 1 ) 




18 


ns 


Tdoh SYSCLK to data out invalid (Note 1 ) 




18 


ns 


Tdis 


Data in valid to MOE / (SRAM) 
Data in valid to CAS / (DRAM) 


O 




ns 


Tdih 


MOE / to data in valid (SRAM) 
CAS / to data in valid (DRAM) 


U 




ns 


Trv SYSCLK / to RAS\ (Note 1 ) 




18 


ns 


Trh SYSCLK / to RAS/ (Note 1 ) 




18 


ns 


Trav SYSCLK / to row address valid (Note 1 ) 




18 


ns 


Trah SYSCLK / to row address invalid (Note 1 ) 




18 


ns 


Tcv SYSCLK / to CAS\ (Note 1 ) 




18 


ns 


Tch SYSCLK / to CAS/ (Note 1 ) 




18 


ns 


Tcav SYSCLK / to column address valid (Note 1 ) 




18 


ns 


Tcah SYSCLK / to column address invalid 







ns 
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ELECTRICAL SPECIFICATIONS (continued) 



BUFFER MEMORY READ/WRITE TIMING PARAMETERS (continued) 



PARAMETER 



CONDITIONS 



MIN 



UNIT 



Trwl 



RASUo RAS/ 



Notes 2, 3 



(RWL + 3)-T)-2 



ns 



Trwh 



RAS/ to RAS\ 



Notes 2, 4 



(RWH + 1)-T)-2 



ns 



Tcwl CASUoCAS/ 



Note 2 



(CWL + 1)-T)-2 



ns 



Tcwl CAS/toCAS\ 



Notes 2, 5 



(CWL + 1)*T)-2 



ns 



Note: Loading capacitance = 30 pF 

Note 1 : The measured delay for any of the signal indicated bythis notewill not vary from the measured delay 
of any other signal indicated by this note by more than ±1 ns. 

Note 2: RWL, RWH, CWL and CWH are fields in the Buffer Manager Timing Control Register (54H) . Each 
is a two bit field which can contain a value of 0, 1 , 2, or 3. These values determine the minimum 
number of SYSCLK periods (T) for the associated signal width. 

Note 3: The minimum width value of Trwl will be generated for refresh cycles and for any buffer memory 
access cycle except when multiple page mode a ccesses are performed. When multiple page mode 
accesses are performed, the width of the RAS low pulse is extended until the end of the last CAS 
low cycle. 

Note 4: The minumum value of Trwh will be generated whenever the Buffer Manager determines that a 
buffer request is pending at the completion of the current memory cycle and a page mode access 
can not be used either because page mode operation is not enabled or the needed location is not 
within the current page. 

Note 5: The minumum value of Tcwh will be generated only between consecutive page mode accesses. 

Note 6: MS will rise only if the Buffer Manager determines that no additional requests for buffer access are 
pending. If the Buffer Manager determines that another access is to be Made, MS is kept low 
between the accesses for improved speed. 
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Note: Twba is a functional parameter that gives the duration of one RAM data buffer access cycle in SYSCLK 
periods. The value is programmed in bits 1-0 of register 54H. These examples show Twba = 4T. 

FIGURE 8: SRAM Read Timing 
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FIGURE 9: SRAM Write Timing 
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FIGURE 10: DRAM Timing, Refresh Cycle (Shown with WRL = 0) 
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FIGURE 11 : DRAM Timing, Standard Cycle (Shown with RWL = and CWL = 0) 
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FIGURE 12: DRAM Timing, Fast Page Cycles (Shown with RWL = 0, RWH = 0, CWL = and CWH = 0) 
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FIGURE 13: DRAM Timing (Showing the Relationship of RWL, RWH, CWL and CWH to overall timing) 
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SCSI Asynchronous Timing Paraemeters 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNITS 


Tods Data Setup to ACK\ 


SCSI Output Phase 


5 






ns 


Todh Data Hold from ACK\ 


SCSI Output Phase 


12 






ns 


Talrh ACKWoREQ/ 








49 


ns 


Tids Data Setup to REQ \ 


SCSI Input Phase 


80 






ns 


Tidh Data Hold from ACK\ 


SCSI Input Phase 


29 






ns 



Note: All timing parameters are measured with 200 pf load, two SCSI terminator loads with ACK Filter turned 
off. 



SCSI Data 
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FIGURE 14: SCSI Asynchronous Timing 
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SCSI Synchronous Timing Paramenters 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNITS 


Trh 


REQ Assertion Time 




37 




48 


ns 


Trl 


REQ Deassertion Time 




63 




52 


ns 


Tids 


Setup time SCSI Data to REQ\ 


Write to SCSI bus 


43 






ns 


Tidh 


Hold time REQ\ to 
SCSI Data invalid 


Write to bus 


43 






ns 


Tal 


Minimum ACK Assertion 
Width Required 




10 






ns 


Tods 


Data Setup to ACK\ 


Read from the SCSI bus 


5 






ns 


Todh 


Data Hold from ACK\ 


Read from the SCSI bus 


12 






ns 



Note: All timing parameters are measured with 200 pf load, two SCSI terminator loads, ACK filter turned off. 




FIGURE 15: SCSI Synchronous Timing 
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Synchronous Data In/Out Phase 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNITS 


Txtrp* 


Synchronous Transfer Period 


(see note) 








ns 


Tsrl 


SYSFREQ high to REQ low 








50 


ns 


Tsrh 


SYSFREQ high to REQ high 








60 


ns 


Tdov 


SYSFREQ high to data 
out valid 








40 


ns 


Tdsu 


Data setup to ACK low 




55 






ns 


Tdh 


Data hold from ACK low 




40 






ns 



Note: Txtrp is the Synchronous Transfer Period as defined by the Synchronous Control Register (Reg: 43H). 
SYSFREQ is a function of the BUFCLK and is determined by the prescale value as defined by the Clock 
Control Register (Reg: 49H). 
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FIGURE 17: Odd Number of SYSFREQ Cycles/SCSI Transfer Period 
Wait for Selection 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNITS 


Tbsd Bus Settle Delay (400 ns) 
to the assertion of BSY 




3T + 90 




4T + 90 


ns 



Note: T is the SCSI Clock Period (SCP) as defined in Register 49H (CLKCTL). 
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FIGURE 18: Wait for Selection 
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Arbitration 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNITS 


Tbfsd Bus Settle Delay (400 ns) + 

Bus Free Delay (800 ns) to the 
assertion of BSY and SDB OID 




6T+110 




7T+ 110 


ns 


Tad Arbitration Delay (2.4 \isec) 

to the assertion of SEL (win) or 
deassertion of BSY and 
SDB 0ID (lost) 








13T+ 100 


ns 


Tbcsd Bus Clear Delay (800 ns)+ 
Bus Settle Delay (400 ns) to 
end of Arbitration Phase 








6T + 100 


ns 



Note: T is the SCSI Clock Period (SCP) as defined in Register 61 H (CLKCTL). 
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FIGURE 19: Arbitration 
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Reselectlon 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNITS 


Tbcsd Bus Clear Delay (800 ns) + 
Bus Settle Delay (400 ns) to 
end of Arbitration Phase 








6T+ 100 


ns 


Tdskdl Two Deskew Delays (90 ns) 
to the deassertion of BSY 








160 


ns 


Tbsd Bus Settle Delay (400 ns) to 
the assertion of BSY 








2T + 40 


ns 


Tdskd2 Two Deskew Delays (90 ns) 
to the deassertion of SEL, 
SDB OID> and SDB DID 




1T+70 




2T + 70 


ns 



Note: T is the SCSI Clock Period (SCP) as defined in Register 61 H (CLKCTL). 
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FIGURE 20: Reselection 
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PACKAGE PIN DESIGNATIONS 

(Top View) 
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VDD - 
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DESCRIPTION 

The SSI 32C9301 is an advanced CMOS VLSI device 
which integrates major portions of the hardware 
needed to build an ATA disk drive. The SSI 32C9301 
can operate on 3.3 volts or 5 volts allowing use in 3.3 
volt or 5 disk drives. In addition, the 32C9301 can 
operate in a 3.3 volt drive and interface with a 5 volt host 
system. The circuitry of the SSI 32C9301 includes a 
complete ATA interface, an advanced buffer manager, 
a high performance disk formatter and an 88 bit Reed- 
Solomon ECC with fast "on-the-fly" hardware 
correction. The SSI 32C9301 provides maximum 
performance while minimizing micro controller 
intervention. 

When operating in a 3.3 volt environment, the 
SSI 32C9301 is capable of concurrent transfers of up 
to 32 megabits per second on the disk interface and 
3 megawords (1 6 bit transfers) per second across the 

(continued) 



Advance Information 



January 1993 

FEATURES 

• ATA Interface 

- Single Chip PC AT Controller 

- Full ANSI ATA Compliance 

- Direct PC Bus connection with on board 
16 mA (24 mA @5v) drivers 

- PC transfers to 3 (6 @5v) megawords per 
second 

- Supports PIO, DMA and EISA Class B 
Demand DMA 

- Logic for daisy chaining 2 drives 

- Automatic command decoding of write, 
write buffer and format commands 

- Automatic updates of the host task file 
registers in both Cyl/Hd/Sec and LBA 
modes 

(continued) 
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DESCRIPTION (continued) 

ATA bus. In a 5 volt environment, the SSI 32C9301 is 
capable of concurrent transfers of up to 48 megabits 
per second on the disk interface and 6 megawords per 
second across the ATA bus. The SSI 32C9301 is 
capable of performing concurrent disk data transfers, 
host data transfers, on-the-fly error corrections and 
micro controller accesses of the buffer memory without 
any degradation of performance on any interface. 

The SSI 32C9301 is one of a family of Silicon Systems' 
single chip disk controllers which support a wide range 
of device interfaces. The SSI 32C9001 is a 5 volt only 
version of the 32C9301 which is 100% firmware and 
pin out compatible. The 32C9302 is another 3.3/5 volt 
ATA controller which supports a dual NRZ disk 
formatter interface. The SSI 32C9020, 32C9022 and 
32C9023 family members are SCSI disk controllers 
providing many of the same features as the SSI 
32C9301. The SSI 32C9340 and 32C9342 disk 
controllers complete the family by providing PCMCIA/ 
ATA compliant interfaces. All members are based on a 
common architecture allowing major portions of 
firmware to be reused. The Silicon Systems' chip family 
is illustrated in hierarchy chart shown in Figure 1 . 

The high level of integration within the SSI 32C9301 
represents a major reduction in parts count. When the 
SSI 32C9301 ATA Controller is combined with the SSI 
32R2300 Read/Write device, the SSI 32P4330 Pulse 
Detector with 1,7 ENDEC, the 32H6300 Servo and 
Motor Speed Controller, an appropriate micro 
controller and memory, a complete, cost efficient, high 
performance intelligent drive solution is created. 

FEATURES (continued) 

- Hardware added to provide Multi-Sector 
data transfers without microprocessor 
intervention 

- Automatic Host Interrupt and Busy for 
multiple sector transfers 

- 16 byte FIFO to improve performance 

- Separate host interface VDD to allow 3.3 
volt drives to plug into 5 volt systems 

- Power Down I/O pins 
• Buffer Manager 

- Direct support of DRAM or SRAM 

- SRAM: up to 256k bytes of memory with 
throughput to 10 (20 @5v) megabytes per 
second 



- DRAM: up to 1 megabyte of memory with 
throug hput to 8 (1 7.78 @5v) megabytes per 
second 

- Programmable memory timing 

- Supports page mode DRAM access 

- Programmable page mode burst length 

- Programmable DRAM refresh period 

- Buffer RAM segmentation with flexible 
segment sizes from 256 bytes to 1 
megabyte 

- Dedicated host, disk and microprocessor 
address pointers 

- Buffer Streaming with internal buffer 
protection circuit providing buffer integrity 

- Multiple sector host transfers 

• Disk Formatter 

- NRZ Data Rates to 32 (48 @5v) megabits 
per second 

- Automatic multi-sector transfer 

- Header or microprocessor based split data 
field support 

- Advanced sequencer organized in 31 x 5 
bytes 

- Advanced branch and interrupt logic 

- 88-bit Reed Solomon ECC with "on-the-fly" 
fast hardware correction circuitry 

- Capable of correcting up to four 10-bit 
symbols in error 

- Guaranteed to correct one 31 -bit burst or 
two 11 -bit bursts 

- Hardware on-the-fly correction of either an 
11- or 31 -bit single burst error within one 
half of a sector time 

- Detects up to one 51 -bit burst or three 1 1 - 
bit bursts 

• Microprocessor Interface 

- Supports both Intel and Motorola 
microprocessors 

- Separate host and disk interrupts 

• Other Features 

- Internal power down mode 

- Available in 100-pin QFP or TQFP 

- Automatic power supply level detection 

- Conforms to JEDEC 3.3 volt specifications 

- TTL compatible input receivers at 3.3V 
or 5V 
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FUNCTIONAL DESCRIPTION 

The SSI 32C9301 contains the following four major 
functional blocks: 

Microprocessor Interface 

ATA Interface 

Disk Formatter 

Buffer Manager 

The Microprocessor Interface allows the local 
microprocessor access to all of the SSI 32C9301 
internal control registers and any location within the 
buffer memory. The microprocessor, by writing and 
reading the internal registers, can control all activities 
of the SSI 32C9301 . The microprocessor can elect to 
perform host and/or disk operations directly, or it can 
enable the advanced features of the SSI 32C9301 
which can perform these operations automatically. 

The ATA I nterf ace block handles all PC AT bus activities. 
The ATA interface includes 16 mA (24 mA @5v) 
drivers allowing for direct connection of the 
SSI 32C9301 to the PC AT bus. The ATA interface 
block is highly automated, capable of performing 
multiple block transfers without micro controller 
involvement. The ATA block interfaces directly with the 
Buffer Manager via an internal speed matching FIFO. 
This FIFO, the bandwidth capabilities of the Buffer 
Manager, plus the advanced features of the ATA 
Interface guarantee sustained full speed transfers 
across the PC AT bus. 

The Disk Formatter performs the serialization and 
deserialization of data. It provides all of the necessary 



functions to control track formatting, header search, 
and the reading and writing of data. The heart of the 
Disk Formatter is an advanced programmable 
sequencer. The sequencer can contain 31 instructions, 
each of which is 5 bytes (40 bits) in width. The width of 
the instructions allows for sophisticated branching 
techniques which increase the flexibility and power of 
the sequencer. The disk interface can be configured 
through a wide range of capabilities, allowing the SSI 
32C9301 to interface with nearly any read/write channel. 
This allows the user of the SSI 32C9301 to select the 
read/write channel best suited to the device. Of course, 
by selecting the SSI 32C9301 controller and the SSI 
32P4330 Read Channel with 1,7 ENDEC, you are 
guaranteed a problem free interface. 

Within the Disk Formatter are the ECC generator/ 
checker and ECC corrector. The generator/checker 
provides the ability to generate or check a 32 bit ECC 
for headers and an 88 bit Reed Solomon code for data. 
If the checker detects an error using the 88 bit Reed 
Solomon code , the syndrome information is transferred 
into the corrector. The corrector then performs the 
necessary operations to determine if the error was 
correctable and, if it was correctable, the corrector 
interfaces directly with the buff er controller and performs 
the correction automatically. The corrector performs its 
correction within one quarterof a sector. This guarantees 
that the corrector will always be available to correct the 
next sector if necessary. 

As its name implies, the Buffer Manager manages the 
data buffer of the controller. The Buffer Manager can 
support either SRAM or DRAM. When configured to 
operate with DRAM, the Buffer Manager automatically 



32C9340 



32/48 Mbit/s NRZ. 
PCMCIA/ATA Controller, 
88-Bit R/S ECC 
3V/5V 



32 Mbit/s NRZ. 
AT Controller, 
56-Bit ECC 

48 Mbit/s NRZ. 
AT Controller, 
88-Bit R/S ECC 



32C9342 



32C9301 



48 Mbit/s NRZ, 
PCMCIA/ATA Controller, 
88-Bit R/S ECC 
Dual-Bit NRZ 
3V/5V 



32/48 Mbit/s NRZ, 
ATA Controller, 
88-Bit R/S ECC 
3V/5V 



■ 32 Mbit/s NRZ, 

432090*0- SCSI Controller, 
J 88-Bit R/S ECC 



48 Mbit/s NRZ, 
SCSI Controller, 
88-Bit R/S ECC 



32C9302 



32/48 Mbit/s NRZ, 
ATA Controller, 
88-Bit R/S ECC 
Dual-Bit NRZ 
3V/5V 



48 Mbit/s NRZ, 

I 32COQ22 I SCSIControlter ' 
I a^ 90 ^ I 88-Bit R/S ECC 
I Dual-Bit NRZ 



[32C9023 | 

72 Mbit/s NRZ, 
SCSI Controller, 
88-Bit R/S ECC 
Dual-Bit NRZ 



FIGURE 1: Silicon Systems 1 Disk Controller Chip Hierarchy 
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FUNCTIONAL DESCRIPTION (continued) 

performs necessary refresh cycles. The buffer 
manager creates all of the necessary timing and 
control signals for a wide range of memory types and 
speeds. Besides interfacing with the buffer memory, 
the Buffer Manager interfaces with the ATA Interface 
block, the Disk Formatter block, the ECC corrector of 
the Disk Formatter block and the microprocessor. If 
more than one of these devices requires access to the 



buffer memory, the Buffer Manager arbitrates the 
requests automatically. The Buffer Manager of the 
SSI 32C9301 can sustain ATA operations at the rate of 
3 (6 @5v) megawords per second, Disk Formatter 
operations at 32 (48 @ 5v) megabits per second and 
still has sufficient band width left to handle on-the-fly 
ECC corrections and microprocessor accesses 
without degrading performance on any of the 
interfaces. 



PIN DESCRIPTION 

The following convention is used in the pin description: 



(I) 


denotes an input 


(l/S) 


denotes a Schmitt trigger input 


(0) 


denotes an output 


(I/O) 


denotes a bidirectional signal 


(Z) 


denotes a tri-state output 


(OD) 


denotes an open drain output 



Active low signals are denoted by a bar on top of the signal name and dual function pins are denoted with 
a slash between the two signals — A9/HCS1 . 



GENERAL 



NAME 


TYPE 


DESCRIPTION 


VDD 




POWER SUPPLY PIN, VCC 


GND 




GROUND 


HOST INTERFACE 


A(2:0) 


I 


HOST ADDRESS LINES. The Host Address lines A(2:0) and A9 are used 
to access the various PC/AT control/status, and data registers. 


A9/HCS1 


I 


HOST ADDRESS LINE 9/HOST CHIP SELECT 1. This is a multiplexed 
input pin. When Register 48H-bit 3 is reset this input is HOST ADDRESS 
LINE 9, when the bit is set this input is HOST CHIP SELECT 1 . 


HCSO 


I 


HOST CHIP SELECT 0. This pin selects access to the control, status and 
data registers. 


I0CS16 


OD 


16 BIT DATA TRANSFER. An open drain active low output that indicates 
that a 16-bit buffer transfer is active. 


HINT 





HOST INTERRUPT. Asserted active high to indicate to the Host that the 
controller needs attention. 
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HOST INTERFACE (continued) 


NAME 


TYPE 


DESCRIPTION 


IOCHRDY 


o,z 


I/O CHANNEL READY. Active low, this signal is asserted whenever the 
internal host FIFO is not ready to transfer data. 


DREQ 


o,z 


DMA REQUEST. The active high DMA Request signal is used during DMA 
transfer between the Host and the SSI 32C9301 . 


DACK 


I 


DMA ACKNOWLEDGE. This active low signal is used during DMA to 
complete the DMA handshake for data transfer between the host and the 
controller. 


TOR 


I 


INPUT READ SELECT. This active low pin is asserted by the Host during 
a Host read operation. When asserted with HCSO , HCS1 , or DACK, data 
from the device is enabled onto the host data bus. 


low 


I 


INPUT WRITE SELECT. Asserted active low by the HOST during a HOST 
write operation. When asserted with HCSO , HCS1 , or DACK, data from the 
host data bus is strobed into the device. 


HRESET 


I 


HOST RESET. This active low signal stops all commands in progress and 
initializes the control/status registers. This signal can also "wake up" the 
device while it is in power down mode. 


HDB(15:0) 


I/O 


HOST DATA BUS. These bits are used for word transfers between the 
Buffer Memory and the Host; bits (7:0) are used for status, commands, or 
ECC byte transfers. 


DISK INTERFACE 


INDEX 


I 


INDEX. This input is a pulse that occurs once per revolution and defines the 
start of first sector. 


OUTPUT 





DISK SEQUENCER OUTPUT. This pin is controlled by bit 2 of the control 
field of the disk sequencer. 


INPUT 


I 


INPUT. This signal is used to synchronize the disk sequencer to an external 
event. 


WAM/AMD/ 
SECTOR 


I/O 


WRITE ADDRESS MARK/SECTOR/ADDRESS MARK DETECT. This pin 
is configured to operate in Hard or Soft Sector mode by initializing the Disk 
Formatter Mode Control Register: 4FH, bit 1 . In the hard sector mode it is 
used as the sector input — a pulse on this pin indicates a sector mark is 
found. 

In the soft sector mode, an active low output is asserted when formatting to 
allow writing of address mark. When reading, an active low input indicates 
an address mark was detected. The device powers up in soft sector mode. 


RG 





READ GATE. This active high output enables the reading of the disk. It is 
asserted at the beginning of the PLO for header and data field by the 
sequencer — sequencer Control Field bits 5 and 6. It is automatically 
deasserted at the end of the CRC or ECC. 


WG 





WRITE GATE. This active high output enables writing onto the disk. It is 
asserted and deasserted by the sequencer Control Field bits 5 and 6. 
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PIN DESCRIPTION (continued) 
DISK INTERFACE (continued) 



NAME 


TYPE 


DESCRIPTION 


RRCLK 


I 


READ/REFERENCE CLOCK. This pin is used in conjunction with the NRZ pin 
to clock data in and out of the SSI 32C9001 device. This input must be glitch- 
free to ensure correct operation of the chip. 


NRZ 


I/O 


NON RETU RN TO ZERO. This signal is the serial read data input from the disk 
drive when the read gate signal is asserted ; it is the write data output to the disk 
drive when the write gate signal is asserted. 


MICROPROCESSOR INTERFACE 


RST 


l/S 


RESET. An asserted active low input generates a component reset that holds 
the internal registers of the SSI 32C9301 at reset, stops all operations within 
the chip, and deasserts all output signals. All input/output signals and Host 
outputs are set to the high-Z state. 


ALE/M/NM 


I 


ADDRESS LATCH ENABLE/MULTIPLEXED/NON-MULTIPLEXED AD- 
DRESS SELECT. When tied high or left floating after reset, the microproces- 
sor interface is configured as non-multiplexed. When driven low, then the 
microprocessor interface is configured as multiplexed. In this case this pin 
functions as the address latch enable, and the MA(7:0) pins are the 
demultiplexed address outputs. 


CS 


I 


CHIP SELECT. This signal must be asserted high for all microprocessbr 
accesses to the registers of this chip. 


WR/R/W 


I 


WRITE STROBE/READ/WRITE. In the Multiplexed Microprocessors bus 
mode, when an active low signal is present with CS signal asserted high, the 
data on the AD0:7 is written to the internal registers. 

In the Non-Multiplexed Microprocessors bus mode, this signal acts as the R/ 
W signal. A high on this input along with the RD/DS signal high and the CS 
signal asserted high indicates a read operation. A low on this input along with 
the RD/DS signal asserted and the CS signal asserted high indicates a write 
operation. See table below. 

\/W5 CS WR/R/W ED/DS Action Mux/Non-Mux 

High High Low High Write to internal registers. M 
High High High Low Read from internal registers. M 
Low High Low High Write to internal registers. N 
Low High High High Read from internal registers. N 
X Low X X No action. MorN 

Note: X denotes don't care. 


RD/DS 


I 


READ STROBE/DATA STROBE. In the Multiplexed Microprocessors bus 
mode, when an active low signal is present with CS signal high, internal 
registers will be accessed. 

In the Non-Multiplexed Microprocessors mode, this signal acts as the DS 
signal. A high on the DS, R/W, and the CS signals, indicates a read operation. 
A low on the R/W signal, highs on both the DS and the CS, indicates a write 
operation to the internal registers. 
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MICROPROCESSOR INTERFACE (continued) 



DINT 


0, OD, 
Z 


INTERRUPT. An active low signal indicates the controller is requesting 
microprocessor service from the disk side. This signal is programmable for 
either a Dush-Dull with an intprnal null lid resistor or ODen-drain outDut circuit 

will Ivl O pUOl 1 I^wjII If III 1 Gil III llvl 1 lUl I^UH UU 1 WwlOlv 1 w 1 w|m/W 1 1 VJi 1 will 1 %/w IkSU 1 wll vU 1 

This signal powers up in the high-Z state. Disk Formatter Mode Control 
Register, 4FH: bit 3 set high, programs this pin as a push-pull, and when set 
low programs it as an open drain output signal. 


AD(7:0) 


I/O 


ADDRESS/DATA BUS. When configured in the Multiplexed Microprocessors 
mode, these lines are multiplexed, bidirectional data path to the microproces- 
sor. During the beginning of the memory cycle the bus captures the low order 
byte of the microprocessor address. These lines provide communication with 
the controller device's internal registers and the buffer memory. 

When configured in the Non-Multiplexed Microprocessors mode, these lines 
are bidirectional data lines. 


MA(7:0) 


I/O 


MICROPROCESSOR ADDRESS BUS: This 8-bit output bus is the AD(7:0) 
bus latched by the ALE pin during the low order address phase of an 
Multiplexed Microprocessors type microprocessor cycle. These signals are 
nonmultiplexed address input when used with a non-multiplexed bus micro- 
processor—Non-Multiplexed Microprocessors interface. 


READY/AINT 





READY: When this signal is deasserted low, the microprocessor inserts wait 
states to allow time for the chip to respond to the access. Wait states are 
programmed by Buffer Mode Control Register — 53H: bits 7-6. 


0, OD, 

z 


AINT: AT BUS INTERRUPT. An active low signal indicates the controller is 
requesting microprocessor service from the AT host bus side. This signal is 
programmable for either a push-pull with an internal pull up resistor or open- 
drain output circuit. This signal powers up in the high-Z state. Disk Formatter 
Mode Control Register, 4FH: bit 3 set high, programs this pin as a push-pull, 
and when set low programs it as an open drain output signal. 


BUFFER MANAGER INTERFACE 


BA(15:0) 





BUFFER MEMORY ADDRESS LINES 15 through 0. These sixteen outputs 
provide address lines for the dynamic memory or static memory chips used to 
implement the buffer memory. 


BA16/RAS 





BUFFER MEMORY ADDRESS 16: In SRAM mode, this pin generates the 
address: A16 for direct connection to a Static RAM address line 16. 

BUFFER ROW ADDRESS STROBE: This active low output signal is gener- 
ated to strobe the row — high order — address into the dynamic RAMs. It is 
intended to be directly tied to the RAMs input control pin. 


BA17/CAS 





BUFFER MEMORY ADDRESS 17: In SRAM mode, this pin generates the 
address: A1 7 for direct connection to a Static RAM address line 1 7. 

COLUMN ADDRESS STROBE: This output signal is generated to strobe the 
column — low order address — into the dynamic RAM devices. 


BD(7:0) 


I/O 


BUFFER MEMORY DATA BUS. 7 through 0. The bidirectional Data Bus 
connects directly to the buffer memory. This bus is designed for high speed 
data transfer. 
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PIN DESCRIPTION (continued) 
BUFFER MANAGER INTERFACE (continued) 



MOE 





MEMORY OUTPUT ENABLE. This active tow output controls the enabling of 
data onto the data bus by the dynamic RAMs or to indicate when every buffer 
memory access is active in SRAM mode. 


WE 





WRITE ENABLE. This active low output signal is used to strobe the data into 
the RAMs from the Data bus. For both buffer memory applications, this line is 
tied directly to the SRAM or DRAM control pin. 


SYSCLK 


I 


SYSTEM CLOCK. This signal is used to synchronize the buffer RAM access, 
including the generation of memory address lines, write enable WE, and 
memory output enable MOE. In power down mode, this signal is shut off from 
the internal logic and hence buffer memory access is inhibited. 


MS 





Memory selected, asserted active low. 



ELECTRICAL SPECIFICATIONS 
ABSOLUTE MAXIMUM RATINGS 

Maximum limits indicate where permanent device damage occurs. Continuous operation at these limits is not 
intended and should be limited to those conditions specified in the DC operating characteristics. 



PARAMETER 


RATING 


Power Supply Voltage, VCC 


7V 


Ambient Temperature 


to 70°C 


Storage Temperature 


-65 to 150°C 


Power Dissipation 


750 mW 


Input, Output pins 


-0.5 to VCC+0.5V 



ELECTRICAL CHARACTERISTICS 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


VCC Power Supply Voltage 


3V 


3.0 




3.6 


V 


5V 


4.5 




5.5 


V 


ICC Supply Current 


3V 






30 


mA 


5V 






50 


mA 


ICCS Standby Current 


Note 1 






250 


uA 


VIL Input Low Voltage 


Except RST pin 


-0.5 




0.8 


V 


VIH Input High Voltage 


Except RST pin 


2.0 




VCC+0.5 


V 


VIL Input Low Voltage 


RST pin 3V 


-0.5 




0.8 


V 


RST pin 5V 


-0.5 




1.7 


V 


VIH Input High Voltage 


RST pin 3V 


2.0 




VCC+0.5 


V 


RST pin 5V 


2.5 




VCC+0.5 


V 
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ELECTRICAL CHARACTERISTICS (continued) 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


VOL Output Low Voltage 


Note 2 






0.4 


V 


VOL Output Low Voltage 


Note 3 






0.4 


V 


VOH Output High Voltage IOH = -400 mA 


3V 


2.15 






V 


5V 


2.4 






V 


IL Input Leakage Current < VIN < VCC 




-10 




10 


ma 


CIN Input Capacitance 








10 


PF 


COUT Output Capacitance 








10 


PF 



Note: (1) Synchronization and Clock Control Register, 7FH: bits 3 and 4 set. RRCLK and SYSCLK 
internally inhibited. 

(2) All interface pins except Host Interface pins. IOL= 2 mA. 

(3) Host Interface pins, IOL=24 mA. 



MICROPROCESSOR INTERFACE TIMING PARAMETERS 



Multiplexed Bus Interface Timings (Figures 2, 3, 4, 5) 



Ta 


ALE Width 




20 






ns 


Tma 


Address valid to MA (7:0) valid 


3V 






45 


ns 






5V 






30 


ns 


Tr 


RD Width 




80 






ns 


As 


Address valid to ALE A 




5 






ns 


Ah 


ALE A to address invalid 




10 






ns 


Cs 


CS valid to RD A or DST 




20 






ns 


Ch 


RD t or DS A to CS A 











ns 


Tda 


RD A or DS T to read data valid 


3V 






80 


ns 






5V 






60 


ns 


Tds 


DS width 




80 






ns 


Tdh 


RD T to or DS A read data invalid 









25 


ns 


Tsrw 


R/W valid to DSt 




20 






ns 


Thrw 


DS A to R/W invalid 




20 






ns 


Tdrdy 


RD 1 to READY A (Intel) or 


3V 






45 


ns 




DS T to READY A (Motorola) 


5V 






30 


ns 


Wds 


Write data valid to WR T or DS A 




40 






ns 


Wdh 


WR T or DS A to write data invalid 




10 






ns 
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ELECTRICAL SPECIFICATIONS (continued) 



Non-Multiplexed Bus Interface Timings (Figure 6) 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


Tmas MA (7:0) valid to DS i 




5 






ns 


Tmah DS t to MA (7:0) invalid 




5 






ns 


Cs CS valid to DS I 




20 






ns 


Ch DS T to CS i 











ns 


Tda DS T to read data valid 


3V 






80 


ns 


5V 






60 


ns 


Tds DS width 




80 






ns 


Tdh DS T to read data invalid 









25 


ns 


Tsrw R/W valid to DS i 




20 






ns 


Thrw DS T to R/W invalid 




20 






ns 


Tdrdy DS T to READY i (Motorola) 


3V 






45 


ns 


5V 






30 


ns 


Wds Write data valid to WR t or DS i 




40 






ns 


Wdh WR T or DS i to write data invalid 




10 






ns 


Note: (1) Loading capacitor = 30 pF 

(2) T indicates rising edge I indicates falling edge 
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ALE 



AD(7:0) 



CS 



READY 



MA(7:0) 



-A Ta A. 



As < Ah 



Tdh 



' Tda 



-r~r~> 



Cs 



Tr 



X 



Ch 



1 r 



-Tdrdy 



-Tma 



FIGURE 2: Intel Register Multiplexed Read Timing 



ALE 



AD(7:0) 



CS 



DS 



■X Ta A_ 



As ' Ah 



Tda 



Cs 



Tds 



Tdh 



Ch 



r/w 



READY 



nTsrwi- 



JT 



-Thrw 



r 

-►! Tdrdy 



-Tma 



MA(7:0) 



FIGURE 3: Motorola Register Multiplexed Read Timing 
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ALE 



Ta 



A- 



As 



Ah 



Wds Wdh 



AD(7:0) 



CS 



X 



Cs 



Tw 



WR 



1 



X 



READY 



TV 



-Tdrdy 



-Tma 



• Ch ' 



X 



MA{7:0) 



ALE 



AD(7:0) 



FIGURE 4: Intel Register Multiplexed Write Timing 
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DS 
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Tds 
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READY 



n. 



U*_Tdrdy 



-Tma 



MA(7:0) 



FIGURE 5: Motorola Register Multiplexed Write Timing 
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MA(7«) 



IDC 



DS 

READ TIMING 

AD(7fl)OUT . 
R/W . 

WRITE TIMING 

AD(7«)IN - 



J~ 



FIGURE 6: Non-Multiplexed Bus Timing Diagrams 
Disk Read/Write Timing (Figures 7 and 8) 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNITS 


T 


RRCLK 


3V 


31 






ns 






5V 


20.8 






ns 


T/2 


RRCLK high/low time 


3V 


12 






ns 






5V 


8.5 






ns 


Tr = Tf 


RRCLK rise and fall time 


3V 






3 


ns 






5V 






2 


ns 


Ds 


NRZ in valid to RRCLK T 


3V 


5 






ns 






5V 


3 






ns 


Dh 


RRCLK T to NRZ in invalid 


3V 


5 






ns 






5V 


3 






ns 


As* 


AMD valid to RRCLK T 


3V 


5 






ns 






5V 


3 






ns 


Dv 


RRCLK t to NRZ out 


3V 


5 




27 


ns 






5V 


3 




15 


ns 


Wv* 


RRCLK T to WAM out 


3V 


5 




27 


ns 






5V 


3 




15 


ns 


Note: 


T indicates rising edge i indicates falling edge 

* These specifications are only applicable in the Soft Sector mode. 
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FIGURE 7: Disk Read Timing 



RRCLK 



NRZ DATA (write) 



WAM 



FIGURE 8: Disk Write Timing 



Dv i 



< 



Wv i 



Dvl- 



> 



• Wv 'r- 



X 



8-116 



SSI 32C9301 
PC-AT Combo Controller 
With Reed Solomon, 3V Operation 



ELECTRICAL SPECIFICATIONS (continued) 



BUFFER MEMORY READ/WRITE TIMING PARAMETERS (Figures 9 through 1 2) 



PARAMETER 


MIN 


MAX 


MIN 


MAX 


UNIT 






5V 


5V 


3.3V 


3.3V 




T 


SYSCLK period 


25 




28 




ns 


T/2 


SYSCLK high/low time 


10 




12 




ns 


Tav 


SYSCLK / to address valid (Note 1) 




18 




35 


ns 


Tmsv 


SYSCLK / to MS\ (Notes 1,6) 




18 




35 


ns 


Tmsh 


SYSCLK / to MS/ (Note 1 ) 




18 




35 


ns 


Tmv 


SYSCLK / to MOB (Note 1 ) 




18 




35 


ns 


Tmh 


SYSCLK / to MOE/ (Note 1) 




18 




35 


ns 


Twv 


SYSCLK / to WE\ (Note 1 ) 




18 




35 


ns 


Twh 


SYSCLK / to WE/ (Note 1 ) 




18 




35 


ns 


Tdov 


SYSCLK to data out valid (Note 1 ) 




18 




35 


ns 


Tdoh 


SYSCLK to data out invalid (Note 1) 




18 




35 


ns 


TdlS 


Data in valid to MOE / (SRAM) 
Data in valid to CAS / (DRAM) 


5 




5 




ns 


Tdih 


MOE / to data in valid (SRAM) 
CAS / to data in valid (DRAM) 












ns 


Trv 


SYSCLK/ to RAS\ (Note 1) 




18 




35 


ns 


Trh 


SYSCLK/ to RAS/ (Note 1) 




18 




35 


ns 


Trav 


SYSCLK to row address valid (Note 1) 




18 




35 


ns 


Trah 


SYSCLK / to row address invalid (Note 1) 




18 




35 


ns 


Tcv 


SYSCLK / to CAS\ (Note 1 ) 




18 




35 


ns 


Tch 


SYSCLK /to CAS/ (Note 1) 




18 




35 


ns 


Tcav 


SYSCLK / to column address valid (Note 1 ) 




18 




35 


ns 


Tcah 


SYSCLK / to column address invalid 












ns 



8-117 



SSI32C9301 

PC-AT Combo Controller 

With Reed Solomon, 3V Operation 



ELECTRICAL SPECIFICATIONS (continued) 



BUFFER MEMORY READ/WRITE TIMING PARAMETERS (Figures 9 through 1 2) (continued) 



PARAMETER 


CONDITIONS 


MIN 


UNIT 


Trwl RAS\ to RAS/ 


Notes 2, 3 


(RWL + 3)-T-2 


ns 


Trwh RAS/toRAS\ 


Notes 2, 4 


(RWH + 1)-T-2 


ns 


Tcwl CAS\toCA§/ 


Note 2 


(CWL + 1 >T-2 


ns 


Tcwl CA§/toCAS\ 


Notes 2, 5 


(CWL + 1)*T-2 


ns 



Note: Loading capacitance = 30 pF 



Note 1 : The measured delay for any of the signal indicated by this note will not vary from the measured delay 
of any other signal indicated by this note by more than TBD (3V), ±1 ns (5V). 

Note 2: RWL, RWH, CWL and CWH are fields in the Buffer Manager Timing Control Register (54H). Each 
is a two bit field which can contain a value of 0, 1 , 2, or 3. These values determine the minimum 
number of SYSCLK periods (T) for the associated signal width. 

Note 3: The minimum width value of Trwl will be generated for refresh cycles and for any buffer memory 
access cycle except when multiple page mode a ccesses are performed. When multiple page mode 
accesses are performed, the width of the RAS low pulse is extended until the end of the last CAS 
low cycle. 

Note 4: The minumum value of Trwh will be generated whenever the Buffer Manager determines that a 
buffer request is pending at the completion of the current memory cycle and a page mode access 
can not be used either because page mode operation is not enabled or the needed location is not 
within the current page. 

Note 5: The minumum value of Tcwh will be generated only between consecutive page mode accesses. 

Note 6: MS will rise only if the Buffer Manager determines that no additional requests for buffer access are 
pending. If the Buffer Manager determines that another access is to be made, MS is kept low 
between the accesses for improved speed. 
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Note: Twba is a functional parameter that gives the duration of one RAM data buffer access cycle in SYSCLK 
periods. The value is programmed in bits 1-0 of register 54H. These examples show Twba = 4T. 

FIGURE 9: SRAM Read Timing 
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FIGURE 10: SRAM Write Timing 
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FIGURE 11 : DRAM Timing, Refresh Cycle (shown with WRL = 0) 
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FIGURE 12: DRAM Timing, Standard Cycle (shown with RWL = and CWL = 0) 
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FIGURE 13: DRAM Timing, Fast Page Cycles (shown with RWL = 0, RWH = 0, CWL = and CWH = 0) 
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FIGURE 14: DRAM Timing (showing the relationship of RWL, RWH, CWL and CWH to overall timing) 
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ELECTRICAL SPECIFICATIONS (continued) 
AT Host Interface Timing Parameters 



PARAMETER 


MIN 

3.3V 


MAX 
3.3V 


MIN 
5V 


MAX 
5V 


UNIT 


DREQL DACK I to DREQ I 




50 




40 


ns 


RDTA IOR i to HD(1 5:0) valid 




70 




50 


ns 


DMASET DACK I to IOW I or IOR 4, 


10 




10 




ns 


DMAHLD IOR T or IOW T to DACK T 


10 




10 




ns 


RDHLD IOR T to HD (15:0) hi-Z 





20 





20 


ns 


WDS HD(15:0) setup to IOW T 


40 




30 




ns 


WDHLD HD(15:0) hold from IOW T 


10 




10 




ns 


RWPULSE IOR or IOW low pulse width 


80 




80 




ns 


R WH lOR or TOW high pulse width 


50 




50 




ns 


CS16L HCSO 4,, A(2:0)^ A9 4orHCS1 TtolOCS16>L 




30 




20 


ns 


IOCHL IOR or IOW I to IOCHRDY I 




35 




25 


ns 


ADRSET HCSO , A(2:0), A9/HCS1 setup to IOR i or IOW I 


25 




25 




ns 


ADRHLD HCSO , A(2:0), A9/HCS1 hold from IOR T or IOW t 


10 









ns 


Note: Loading capacitance = 30 pF 


Functional Specification 


PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


IOCHTW IOCHRDY pulse width 









5xBCLK 


ns 
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FIGURE 15: Host Programmed I/O 8-16 Bit Timing 
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FIGURE 16: Host DMA 8-16 Bit Interface Timing (Non-demand mode) 
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FIGURE 17: Host DMA 8/16-Bit Interface Timing (Demand Mode) 
RESET Assertion Timing Parameters (Figure 18) 



PARAMETER 


CONDITIONS 


MIN NOM MAX UNIT 


Trpwl RST pulse width low 


NOT Power On Reset 


500 ns 


Power On Reset 


7.5 ms 



SYSCLK 



RST 



I 



FIGURE 18: RESET Assertion Timing 
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PACKAGE PIN DESIGNATIONS 

(Top View) 
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DESCRIPTION 

The SSI 32C9302 is an advanced CMOS VLSI device 
which integrates major portions of the hardware 
needed to build an ATA disk drive. The SSI 32C9302 
can operate on 3.3 volts or 5 volts allowing use in 3.3 
volt, 5 volt, or dual voltage disk drives. The 32C9302 
has a dual bit NRZ interface to allow interfacing with 
channel IC's supporting this interface. The circuitry of 
the SSI 32C9302 includes a complete ATA interface, 
an advanced buffer manager, a high performance disk 
formatter and an 88 bit Reed-Solomon ECC with fast 
"on-the-fly" hardware correction. The SSI 32C9302 
provides maximum performance while minimizing 
micro controller intervention. 

When operating in a 3.3 volt environment, the SSI 
32C9302 is capable of concurrent transfers of up to 32 
megabits per second on the disk interface and 3 

(continued) 



Advance Information 



January 1993 

FEATURES 

• ATA Interface 

- Single Chip PC AT Controller 

- Full ANSI ATA Compliance 

- Direct PC Bus connection with on board 
16 mA (24 mA @5V) drivers 

- PC transfers to 3 (6 @5V) megawords per 
second 

- Supports PIO, DMA and EISA Class B 
Demand DMA 

- Logic for daisy chaining 2 drives 

- Automatic command decoding of write, 
write buffer and format commands 

- Automatic updates of the host task file 
registers in both Cyl/Hd/Sec and LBA 
modes 

(continued) 
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DESCRIPTION (continued) 

megawords (16 bit transfers) per second across the 
ATA bus. In a 5 volt environment, the SSI 32C9302 is 
capable of concurrent transfers of up to 48 megabits 
per second on the disk interface and 6 megawords per 
second across the ATA bus. In addition, on-the-fly error 
corrections and micro controller abcesses to the buffer 
memory will not degrade the throughput during 
transfers. 

The SSI 32C9302 is one of a family of Silicon Systems' 
single chip disk controllers which support a wide range 
of device interfaces. The 32C9301 is another 3.3/5 volt 
ATA controller, but supports a single NRZ disk 
formatter interface. The SSI 32C9001 is a 5 volt only 
version of the 32C9301 which is 100% firmware and 
pinout compatible. The SSI 32C9020, 32C9022 and 
32C9023 family members are SCSI disk controllers 
providing many of the same features as the SSI 
32C9302. The SSI 32C9340 and 32C9342 disk 
controllers complete the family providing PCMCIA/ 
ATA compliant interfaces. All members are based on a 
common architecture allowing major portions of 
f irmware to be reused. The Silicon Systems' chip family 
is illustrated in the hierarchy chart shown in Figure 1 . 

The high level of integration within the SSI 32C9302 
represents a major reduction in parts count. When the 
SSI 32C9302 ATA Controller is combined with the SSI 
32R2300 Read/Write device, the SSI 32P4342 Pulse 
Detector with 1,7 ENDEC, the 32H6300 Servo and 
Motor Speed Controller, an appropriate micro 
controller and memory a complete, cost efficient, high 
performance intelligent drive solution is created. 

FEATURES (continued) 

- Hardware added to provide Multi-Sector 
data transfers without microprocessor 
intervention 

- Automatic Host Interrupt and Busy for 
multiple sector transfers 

- 16 byte FIFO to improve performance 

- Separate host interface VDD to allow 3.3 
volt drives to plug into 5 volt systems 

- Power Down I/O pins 
• Buffer Manager 

- Direct support of DRAM or SRAM 

- SRAM: up to 256k bytes of memory with 
throughput to 10 (20 @5V) megabytes per 
second 



- DRAM: up to 1 megabyte of memory with 
throughput to 8 (17.78 @5V) megabytes 
per second 

- Programmable memory timing 

- Buffer RAM segmentation with flexible 
segment Sizes from 256 bytes to 1 
megabyte 

- Dedicated host, disk and microprocessor 
address pointers 

- Buffer Streaming with internal buffer 
protection circuit providing buffer integrity 

• Disk Formatter 

- Dual Bit NRZ interface supporting data 
rates to 32 (48 @5V) megabits per second 

- Automatic multi-sector transfer 

- Header or microprocessor based split data 
field support 

- Advanced sequencer organized in 31 x 5 
bytes 

- 88-bit Reed Solomon ECC with "on-the-fly" 
fast hardware correction circuitry 

- Capable of correcting up to four 10-bit 
symbols in error 

- Guaranteed to correct one 31 -bit burst or 
two 11 -bit bursts 

- Hardware on-the-fly correction of either an 
11- or 31 -bit single burst error within a 
quarter sector time 

- Detects up to one 51 -bit burst or three 1 1 - 
bit bursts 

• Microprocessor Interface 

- Supports both multiplexed or non- 
multiplexed microprocessors 

- Separate host and disk interrupts 

• Other Features 

- Internal power down mode 

- Automatic power supply level detection 

- Conforms to JEDEC 3.3 volt specifications 

- TTL compatible input receivers at 3.3V 
or5V 

- Available in 120-pin TQFP 
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FUNCTIONAL DESCRIPTION 

Microprocessor Interface 
ATA Interface 
Disk Formatter 
Buffer Manager 

The Microprocessor Interface allows the local 
microprocessor access to all of the SSI 32C9302 
internal control registers and any location within the 
buffer memory. The microprocessor, by writing and 
reading the internal registers, can control all activities 
of the SSI 32C9302. The microprocessor can elect to 
perform host and/or disk operations directly, or it can 
enable the advanced features of the SSI 32C9302 
which can perform these operations automatically. 

The ATA Interface block handles all PC AT bus 
activities. The ATA interface includes 1 2 mA (24 mA@ 
5v) drivers allowing for direct connection of the SSI 
32C9302 to the PC AT bus. The ATA interface block is 
highly automated, capable of performing multiple block 
transfers without micro controller involvement. The 
ATA block interfaces directly with the Buffer Manager 
via an internal speed matching FIFO. This FIFO, the 
bandwidth capabilities of the Buffer Manager, plus the 
advanced features of the ATA Interface guarantee 
sustained full speed transfers across the PC AT bus. 

The Disk Formatter performs the serialization and 
deserialization of data. It provides all of the necessary 
functions to control track formatting, header search, 
and the reading and writing of data. The heart of the 
Disk Formatter is an advanced programmable 
sequencer. The sequencer can contain 31 



instructions, each of which is 5 bytes (40 bits) in width. 
The width of the instructions allows for sophisticated 
branching techniques which increase the flexibility and 
power of the sequencer. The flexible disk interface can 
be configured through a wide range of capabilities. This 
allows the SSI 32C9302 to interface with nearly any 
read/write channel and allows the user of the SSI 
32C9302 to select the read/write channel best suited to 
the device. Of course, by selecting the SSI 32C9302 
controller and the SSI 32P4342 Read Channel with 1 ,7 
EN DEC, you are guaranteed a problem free interface. 

Within the Disk Formatter are the ECC generator/ 
checker and ECC corrector. The generator/checker 
provides the ability to generate or check a 32 bit ECC 
for headers and an 88 bit Reed Solomon code for data. 
If the checker detects an error using the 88 bit Reed 
Solomon code, the syndrome information is 
transferred into the corrector. The corrector then 
performs the necessary operations to determine if the 
error was correctable and, if it was correctable, the 
corrector interfaces directly with the buffer controller 
and performs the correction automatically. The 
corrector performs its correction within one quarter of 
a sector. This guarantees that the corrector will always 
be available to correct the next sector if necessary. 

As its name implies, the Buffer Manager manages the 
data buffer of the controller. The Buffer Manager can 
support either SRAM or DRAM. When configured to 
operate with DRAM, the Buffer Manager automatically 
performs necessary refresh cycles. The Buffer 
Manager creates all of the necessary timing and 
control signals for a wide range of memory types and 

(continued) 
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FIGURE 1: Silicon Systems' Disk Controller Chip Hierarchy 
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FUNCTIONAL DESCRIPTION (continued) 

speeds. Besides interfacing with the buffer memory, 
the Buffer Manager interfaces with the ATA Interface 
block, the Disk Formatter block, the ECC corrector and 
the microprocessor. If more than one of these devices 
requires access to the buffer memory, the Buffer 
Manager arbitrates the requests automatically. The 
Buffer Manager of the SSI 32C9302 can sustain ATA 
operations at the rate of 3 (6 @ 5v) megawords per 



second, Disk Formatter operations at 32 (48 @ 5v) 
megabits per second and still has sufficient band width 
left to handle on-the-fly ECC corrections and 
microprocessor accesses without degrading 
performance on any of the interfaces. 



PIN DESCRIPTION 

The following convention is used in the pin description: 



(1) 


denotes an input 


(l/S) 


denotes a Schmitt trigger input 


(?) 


denotes an output 


(I/O) 


denotes a bidirectional signal 


(Z) 


denotes a tri-state output 


(OD) 


denotes an open drain output 



Active low signals are denoted by a bar on top of the signal name and dual function pins are denoted with 
a slash between the two signals — A9/HCS1 . 



GENERAL 



NAME 


TYPE 


DESCRIPTION 


VDD 




POWER SUPPLY PIN, VCC 


GND 




GROUND 


HOST INTERFACE 


A(2:0) 


I 


HOST ADDRESS LINES. The Host Address lines A(2:0) and A9 are used 
to access the various PC/AT control/status, and data registers. 


A9/HCS1 


I 


HOST ADDRESS LINE 9/HOST CHIP SELECT 1. This is a multiplexed 
input pin. When Register 48H-bit 3 is reset this input is HOST ADDRESS 
LINE 9, when the bit is set this input is HOST CHIP SELECT 1 . 


HCSO 


I 


HOST CHIP SELECT 0. This pin selects access to the control, status and 
data registers. 


IOCS16 


OD 


16 BIT DATA TRANSFER. An open drain active low output that indicates 
that a 16-bit buffer transfer is active. 


HINT 





HOST INTERRUPT. Asserted active high to indicate to the Host that the 
controller needs attention. 
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PIN DESCRIPTION (continued) 



HOST INTERFACE (continued) 


MAMC 

wmivic 


TYPF 
1 I re 


nFQPRIPTIOM 
UCOUnlr 1 IUN 


IOCHRDY 


o,z 


I/O CHANNEL READY. Active low, this signal is asserted whenever the 
internal host FIFO is not ready to transfer data. 


DREQ 


o,z 


DMA REQUEST. The active high DMA Request signal is used during DMA 
transfer between the Host and the SSI 32C9301 . 


DACK 




DMA ACKNOWLEDGE. This active low signal is used during DMA to 
complete the DMA handshake for data transfer between the host and the 
controller. 


IOR 


1 


INPUT READ SELECT. This active low pin is asserted by the Host during 
a Host read operation. When asserted with HCSO , HCS1 , or DACK, data 
from the device is enabled onto the host data bus. 


IOW 


1 


INPUT WRITE SELECT. Asserted active low by the HOST during a HOST 
write operation. When asserted with HCSO , HCS1 , or DACK, data from the 
host data bus is strobed into the device. 


HRESET 


1 


HOST RF55FT Thta aotivp low ^ional 9ton<? all commands in Droorps^ and 

1 i WVJ 1 1 1 L— 1— 1 . II HO ClOll V w IVy WW Ol^l Id 1 Olv^/O Gill vvl 1 II 1 ICll Ivlw II 1 yj' 1 V> »JO CAI IVI 

initializes the control/status registers — This signal can also "wake up" the 
device while it is in power down mode. 


HDB(15:0) 


I/O 


HOST DATA BUS. These bits are used for word transfers between the 
Buffer Memory and the Host; bits (7:0) are used for status, commands, or 
ECC byte transfers. 


DASP 





DRIVE ACTIVE/DRIVE 1 PRESENT. This is a time-multiplexed signal 
which indicates that a drive is active, or that Drive 1 is present. 


PDIAG 


I/O 


PASSED DIAGNOSTICS. This signal is an output for when configured as 
Drive 1 and an input when configured as Drive 0. 


DISK INTERFACE 


INDEX 


1 


INDEX. This input is a pulse that occurs once per revolution and defines the 
start of first sector. 


OUTPUT 





DISK SEQUENCER OUTPUT. This pin is controlled by bit 2 of the control 
field of the disk sequencer. 


INPUT 


1 


INPUT. This signal is used to synchronize the disk sequencer to an external 
event. 


AMD/ 
SECTOR 


I/O 


SECTOR/ADDRESS MARK DETECT. This pin is configured to operate in 
Hard or Soft Sector mode by initializing the Disk Formatter Mode Control 
Register: 4FH, bit 1 . In the hard sector mode it is used as the sector input 
— a pulse on this pin indicates a sector mark is found. 

In the soft sector mode, an active low input indicates an address mark was 
detected. The device powers up in soft sector mode. 
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DISK INTERFACE (continued) 



NAME 


TYPE 


DESCRIPTION 


RG 





READ GATE. This active high output enables the reading of the disk. It is 
asserted at the beginning of the PLO for header and data field by the 
sequencer — sequencer Control Field bits 5 and 6. It is automatically 
deasserted at the end of the CRC or ECC. 


WG 





WRITE GATE. This active high output enables writing onto the disk. It is 
asserted and deasserted by the sequencer Control Field bits 5 and 6. 


RRCLK 


I 


READ/REFERENCE CLOCK. This pin is used in conjunction with the NRZ pin 
to clock data in and out of the SSI 32C9001 device. This input must be glitch- 
free to ensure correct operation of the chip. 


WCLK 





WRITECLOCK. This signal clocksthe NRZ data out in the dual NRZ interface mode. 


NRZO, 1 


I/O 


NON RETURN TO ZERO. These signals are the read data input and 1 from 
the disk drive when the read gate signal is asserted; it is the write data output 
to the disk drive when the write gate signal is asserted. 


MICROPROCESSOR INTERFACE 


RST 


l/S 


RESET. An asserted active low input generates a component reset that holds 
the internal registers of the SSI 32C9301 at reset, stops all operations within 
the chip, and deasserts all output signals. All input/output signals and Host 
outputs are set to the high-Z state. 


ALE/M/NM 


I 


ADDRESS LATCH ENABLE/MULTIPLEXED/NON-MULTIPLEXED AD- 
DRESS SELECT. When tied high or left floating after reset, the microproces- 
sor interface is configured as non-multiplexed. When driven low, then the 
microprocessor interface is configured as multiplexed. In this case this pin 
functions as the address latch enable, and the MA(7:0) pins are the 
demultiplexed address outputs. 


CS 


I 


CHIP SELECT. This signal must be asserted high for all microprocessor 
accesses to the registers of this chip. 
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PIN DESCRIPTION (continued) 



MICROPROCESSOR INTERFACE (continued) 



NAME 


TYPE 


DESCRIPTION 


WR/R/W 


1 


WRITE STROBE/READ/WRITE. In the Multiplexed Microprocessors bus 
mode, when an active low signal is present with CS signal asserted high, the 
data on the AD0:7 is written to the internal registers. 

In the Non-Multiplexed Microprocessors bus mode, this signal acts as the RW 
signal. A high on this input along with the RD/DS signal high and the CS signal 
asserted high indicates a read operation. A low on this input along with the RD/ 
DS signal asserted and the CS signal asserted high indicates a write 
operation. See table below. 

I/MC CS WR/R/W RD/DS Action Mux/Non-Mux 

High High Low High Write to internal registers. M 
High High High Low Read from internal registers. M 
Low High Low High Write to internal registers. N 
Low High High High Read from internal registers. N 
X Low X X No action. MorN 

Note: X denotes don't care. 


RD/DS 


1 


READ STROBE/DATA STROBE. In the Multiplexed Microprocessors bus 
mode, when an active low signal is present with CS signal high, internal 
registers will be accessed. 

In the Non-Multiplexed Microprocessors mode, this signal acts as the DS 
signal. A high on the DS, R/W, and the CS signals, indicates a read operation. 
A low on the R/W signal, highs on both the DS and the CS, indicates a write 
operation to the internal registers. 


DINT 


0, OD, 
Z 


INTERRUPT. An active low signal indicates the controller is requesting 
microprocessor service from the disk side. This signal is programmable for 
either a push-pull with an internal pull up resistor or open-drain output circuit. 
This signal powers up in the high-Z state. Disk Formatter Mode Control 
Register, 4FH: bit 3 set high, programs this pin as a push-pull, and when set 
low programs it as an open drain output signal. 


AD(7:0) 


I/O 


ADDRESS/DATA BUS. When configured in the Multiplexed Microprocessors 
mode, these lines are multiplexed, bidirectional data path to the microproces- 
sor. During the beginning of the memory cycle the bus captures the low order 
byte of the microprocessor address. These lines provide communication with 
the controller device's internal registers and the buffer memory. 

When configured in the Non-Multiplexed Microprocessors mode, these lines 
are bidirectional data lines. 


MA(7:0) 


I/O 


MICROPROCESSOR ADDRESS BUS: This 8-bit output bus is the AD(7:0) 
bus latched by the ALE pin during the low order address phase of an 
Multiplexed Microprocessors type microprocessor cycle. These signals are 
nonmultiplexed address input when used with a non-multiplexed bus micro- 
processor — Non-Multiplexed Microprocessors interface. 



8-133 



SSI32C9302 

PG-AT Combo Controller 

With Reed Solomon, 3V Operation 



PIN DESCRIPTION (continued) 



MICROPROCESSOR INTERFACE (continued) 



NAME 


TYPE 


DESCRIPTION 


READY/AINT 





READY: When this signal is deasserted low, the microprocessor inserts wait 
states to allow time for the chip to respond to the access. Wait states are 
programmed by Buffer Mode Control Register — 53H: bits 7-6. 


0, OD, 

z 


AINT: AT BUS INTERRUPT. An active low signal indicates the controller is 
requesting microprocessor service from the AT host bus side. This signal is 
programmable for either a push-pull with an internal pull up resistor or open- 
drain output circuit. This signal powers up in the high-Z state. Disk Formatter 
Mode Control Register, 4FH: bit 3 set high, programs this pin as a push-pull, 
and when set low programs it as an open drain output signal. 


BUFFER MANAGER INTERFACE 


BA(15:0) 





BUFFER MEMORY ADDRESS LINES 15 through 0. These sixteen outputs 
provide address lines for the dynamic memory or static memory chips used to 
ill ipicrnem ine Duner rnernory. 


BA16/RAS 





BUFFER MEMORY ADDRESS 16: In SRAM mode, this pin generates the 
address: A16 for direct connection to a Static RAM address line 16. 






BUFFER ROW ADDRESS STROBE: This active low output signal is gener- 
ated to strobe the row — high order — address into the dynamic RAMs. It is 
intended to be directly tied to the RAMs input control pin. 


BA17/CAS 





BUFFER MEMORY ADDRESS 17: In SRAM mode, this pin generates the 
address: A1 7 for direct connection to a Static RAM address line 1 7. 

COLUMN ADDRESS STROBE: This output signal is generated to strobe the 
column — low order address — into the dynamic RAM devices. 


BD(7:0) 


I/O 


BUFFER MEMORY DATA BUS. 7 through 0. The bidirectional Data Bus 
connects directly to the buffer memory. This bus is designed for high speed 
data transfer. 


MOE 





MEMORY OUTPUT ENABLE. This active low output controls the enabling of 
data onto the data bus by the dynamic RAMs or to indicate when every buffer 
memory access is active in SRAM mode. 


WE 





WRITE ENABLE. This active low output signal is used to strobe the data into 
the RAMs from the Data bus. For both buffer memory applications, this line is 
tied directly to the SRAM or DRAM control pin. 


SYSCLK 


I 


SYSTEM CLOCK. This signal is used to synchronize the buffer RAM access, 
including the generation of memory address lines, write enable WE, and 
memory output enable MOE. In power down mode, this signal is shut off from 
the internal logic and hence buffer memory access is inhibited. 


MS 





Memory selected, asserted active low. 
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ELECTRICAL SPECIFICATIONS 
ABSOLUTE MAXIMUM RATINGS 

Maximum limits indicate where permanent device damage occurs. Continuous operation at these limits is not 
intended and should be limited to those conditions specified in the DC operating characteristics. 



PARAMETER 


RATING 


Power Supply Voltage, VCC 


7V 


Ambient Temperature 


to 70°C 


Storage Temperature 


-65 to 150°C 


Power Dissipation 


750 mW 


Input, Output pins 


-0.5toVCC+0.5V 



ELECTRICAL CHARACTERISTICS 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


VCC Power Supply Voltage 


3V 


3.0 




3.6 


V 


5V 


4.5 




5.5 


V 


ICC Supply Current 


3V 






30 


mA 


5V 






50 


mA 


ICCS Standby Current 


Note 1 






250 


uA 


VIL Input Low Voltage 


Except RST pin 


-0.5 




0.8 


V 


VIH Input High Voltage 


Except RST pin 


2.0 




VCC+0.5 


V 


VIL Input Low Voltage 


RSTpin 3V 


-0.5 




0.8 


V 


RSTpin 5V 


-0.5 




1.7 


V 


VIH Input High Voltage 


RST pin 3V 


2.0 




VCC+0.5 


V 


RSTpin 5V 


2.5 




VCC+0.5 


V 


VOL Output Low Voltage 


Note 2 






0.4 


V 


VOL Output Low Voltage 


Note 3 






0.5 


V 


VOH Output High Voltage IOH = -400 uA 


3V 


2.15 






V 


IL Input Leakage Current < VIN < VCC 




-10 




10 


uA 


CIN Input Capacitance 








10 


PF 


COUT Output Capacitance 








10 


PF 



Note: (1) Synchronization and Clock Control Register, 7FH: bits 3 and 4 set. RRCLK and SYSCLK 
internally inhibited. 



(2) All interface pins except Host Interface pins. IOL= 2 mA. 

(3) Host Interface pins, IOL=24 mA. 
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MICROPROCESSOR INTERFACE TIMING PARAMETERS 



Multiplexed Bus Interface Timings (Figures 2, 3, 4, 5) 


PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


Ta ALE Width 




20 






ns 


Tma Address valid to MA (7:0) valid 


3V 






45 


ns 


5V 






30 


ns 


Tr RD Width 




80 






ns 


As Address valid to ALE I 




5 






ns 


Ah ALE i to address invalid 




10 






ns 


Cs CS valid to RD i or DS T 




20 






ns 


Ch RD T or DS i to CS i 











ns 


Tda RD i or DS T to read data valid 


3V 






80 


ns 


5V 






60 


ns 


Tds DS width 




80 






ns 


Tdh RD T to or DS i read data invalid 









25 


ns 


Tsrw R/W valid to DS T 




20 






ns 


Thrw DS i to R/W invalid 




20 






ns 


Tdrdy RD I to READY I (Intel) or 
DS t to READY i (Motorola) 


3V 






45 


ns 


5V 






30 


ns 


Wds Write data valid to WR T or DS i 




40 






ns 


Wdh WR T or DS I to write data invalid 




10 






ns 


Non-Multiplexed Bus Interface Timings (Figure 6) 


Tmas MA (7:0) valid to DS i 




5 






ns 


Tmah DS T to MA (7:0) invalid 




5 






ns 


Cs CS valid to DS i 




20 






ns 


Ch DS T to CS i 











ns 


Tda DS T to read data valid 


3V 






80 


ns 


5V 






60 


ns 


Tds DS width 




80 






ns 


Tdh DS t to read data invalid 









25 


ns 


Tsrw R/W valid to DS i 




20 






ns 


Thrw DS T to R/W invalid 




20 






ns 


Tdrdy DS t to READY i (Motorola) 


3V 






45 


ns 


5V 






30 


ns 


Wds Write data valid to WR t or DS i 




40 






ns 


Wdh WR T or DS I to write data invalid 




10 






ns 


Note: (1) Loading capacitor = 30 pF 

(2) T indicates rising edge i indicates falling edge 
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FIGURE 2: Intel Register Multiplexed Read Timing 
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FIGURE 3: Motorola Register Multiplexed Read Timing 
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FIGURE 4: Intel Register Multiplexed Write Timing 
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FIGURE 5: Motorola Register Multiplexed Write Timing 
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FIGURE 6: Non-Multiplexed Bus Timing Diagrams 
Disk Read/Write Timing (Figures 7 and 8) 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNITS 


T 


RRCLK 


3V 


62.5 






ns 






5V 


41 






ns 


T/2 


RRCLK high/low time 


3V 


12 






ns 






5V 


8.5 






ns 


Tr = Tf 


RRCLK rise and fall time 


3V 






3 


ns 






5V 






2 


ns 


Dis 


NRZ in valid to RRCLK T 


3V 


5 






ns 






5V 


3 






ns 


Dih 


RRCLK t to NRZ in invalid 


3V 


5 






ns 






5V 


3 






ns 


As* 


AMD valid to RRCLK T 


3V 


5 






ns 






5V 


3 






ns 


Dv 


RRCLK T to NRZ out 


3V 


5 




27 


ns 






5V 


3 




15 


ns 


Wv* 


RRCLK T to WAM out 


3V 


5 




27 


ns 






5V 


3 




15 


ns 


Tckd 


RRCLKt to WCLK t or 


3V 






12 


ns 




RRCLK t to WCLK T 


5V 






8 


ns 


Note: 


T indicates rising edge 


i indicates falling edge 








* These specifications are only applicable in the Soft Sector mode. 
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FIGURE 7: Disk Read Timing 
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FIGURE 8: Disk Write Timing 
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ELECTRICAL SPECIFICATIONS (continued) 



BUFFER MEMORY READ/WRITE TIMING PARAMETERS (Figures 9 through 14) 



PARAMETER 


MIN 


MAX 


MIN 


MAX 


UNIT 






5V 


5V 


3.3V 


3.3V 




T 


SYSCLK period 


25 




28 




ns 


T/2 


SYSCLK high/low time 


10 




12 




ns 


Tav 


SYSCLK / to address valid (Note 1) 




18 




55 


ns 


Tmsv 


SYSCLK / to M5\ (Notes 1 , 6) 




18 




55 


ns 


Tmsh 


SYSCLK /to MS/ (Note 1) 




18 




55 


ns 


Tmv 


SYSCLK / to MOE\ (Note 1) 




18 




55 


ns 


Tmh 


SYSCLK / to MOE/ (Note 1 ) 




18 




55 


ns 


Twv 


SYSCLK / to WE\ (Note 1) 




18 




55 


ns 


Twh 


SYSCLK /to WE/ (Note 1) 




18 




55 


ns 


Tdov 


SYSCLK to data out valid (Note 1 ) 




18 




40 


ns 


Tdoh 


SYSCLK to data out invalid (Note 1) 




18 




40 


ns 


Tdis 


Data in valid to MOE / (SRAM) 
Data in valid to CAS / (DRAM) 


5 




5 




ns 


Tdih 


MOE / to data in valid (SRAM) 
CAS / to data in valid (DRAM) 












ns 


Trv 


SYSCLK / to RAS\ (Note 1) 




18 




40 


ns 


Trh 


SYSCLK/ to RAS/ (Note 1) 




18 




40 


ns 


Trav 


SYSCLK to row address valid (Note 1) 




18 




40 


ns 


Trah 


SYSCLK / to row address invalid (Note 1) 




18 




40 


ns 


Tcv 


SYSCLK / to CAS\ (Note 1) 




18 




40 


ns 


Tch 


SYSCLK / to CAS/ (Note 1 ) 




18 




40 


ns 


Tcav 


SYSCLK / to column address valid (Note 1) 




18 




40 


ns 


Tcah 


SYSCLK / to column address invalid 












ns 



8-141 



SSI 32C9302 

PC-AT Combo Controller 

With Reed Solomon, 3V Operation 



ELECTRICAL SPECIFICATIONS (continued) 



BUFFER MEMORY READ/WRITE TIMING PARAMETERS (Figures 9 through 14) (continued) 



PARAMETER 


CONDITIONS 


MIN 


UNIT 


Trwl RAS\ to RAS/ 


Notes 2, 3 


(RWL + 3)«T-2 


ns 


Trwh RAS/ to RAS\ 


Notes 2, 4 


(RWH + 1)*T-2 


ns 


Tcwl CAS\ to CAS/ 


Note 2 


(CWL + i)-T-2 


ns 


Tcwl CA§/toCAS\ 


Notes 2, 5 


(CWL + 1)-T-2 


ns 



Note: Loading capacitance = 30 pF 



Note 1 : The measured delay for any of the signal indicated by this note will not vary from the measureddelay 
of any other signal indicated by this note by more than TBD (3V), ±1 ns (5V). 

Note 2: RWL, RWH, CWL and CWH are fields in the Buffer Manager Timing Control Register (54H). Each 
is a two bit field which can contain a value of 0, 1 , 2, or 3. These values determine the minimum 
number of SYSCLK periods (T) for the associated signal width. 

Note 3: The minimum width value of Trwl will be generated for refresh cycles and for any buffer memory 
access cycle except when multiple page mode a ccesses are performed. When multiple page mode 
accesses are performed, the width of the RAS low pulse is extended until the end of the last CAS 
low cycle. 

Note 4: The minumum value of Trwh will be generated whenever the Buffer Manager determines that a 
buffer request is pending at the completion of the current memory cycle and a page mode access 
can not be used either because page mode operation is not enabled or the needed location is not 
within the current page. 

Note 5: The minumum value of Tcwh will be generated only between consecutive page mode accesses. 

Note 6: MS will rise only if the Buffer Manager determines that no additional requests for buffer access are 
pending. If the Buffer Manager determines that another access is to be made, MS is kept low 
between the accesses for improved speed. 
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JX5E 
WE 

m 

BA(17:0) 
BD(7:0) 




C3> 



<-*r-Tds 



Note: Twba is a functional parameter that gives the duration of one RAM data buffer access cycle in SYSCLK 
periods. The value is programmed in bits 1-0 of register 54H. These examples show Twba = 4T. 

FIGURE 9: SRAM Read Timing 
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FIGURE 10: SRAM Write Timing 
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FIGURE 11: DRAM Timing, Refresh Cycle (Shown with WRL = 0) 
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FIGURE 12: DRAM Timing, Standard Cycle (Shown with RWL = and CWL = 0) 
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FIGURE 13: DRAM Timing, Fast Page Cycles (Shown with RWL = 0, RWH = 0, CWL = and CWH = 0) 
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FIGURE 14: DRAM Timing (Showing the Relationship of RWL, RWH, CWL and CWH to overall timing) 
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ELECTRICAL SPECIFICATIONS (continued) 
AT Host Interface Timing Parameters 



PARAMETER 




MIN 


MAX 


MIN 


MAX 


UNIT 








3.3V 


3.3V 


5V 


5V 




DREQL 


DACK 4, to DREQ I 






50 




40 


ns 


RDTA 


IOR i to HD(1 5:0) valid 






70 




50 


ns 


DMASET 


DACK I to IOW 4, or IOR I 




10 




10 




ns 


DMAHLD 


IOR T or IOW t to DACK T 




10 




10 




ns 


RDHLD 


lORttoHD (15:0) hi-Z 







20 





20 


ns 


WDS 


HD(15:0) setup tolOWT 




40 




30 




ns 


WDHLD 


HD(15:0) hold from IOW t 




10 




10 




ns 


RWPULSE IOR or IOW low pulse width 


80 




80 




ns 


RWH 


IOR or IOW high pulse width 




50 




50 




ns 


CS16L 


HCSO I, A(2:0) I, A9 I or HCS1 T to IOCS16 i 




30 




20 


ns 


IOCHL 


IOR or IOW 4, to IOCHRDY I 




25 


35 




25 


ns 


ADRSET 


HCSO , A(2:0), A9/HCS1 setup to IOR I or IOW I 


25 




25 




ns 


ADRHLD 


HCSO , A(2:0), A9/HCS1 hold from IOR T or IOW T 


10 









ns 


Note: Loading capacitance = 30 pF 


Functional Specification 


PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


IOCHTW 


IOCHRDY pulse width 









5xBCLK 


ns 
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FIGURE 15: Host DMA 8-16 Bit Interface Timing (Non-demand mode) 



HCS0/HCS1 



IOCS 16 



3v 



IOR/IOW 



IOCHRDY 



^ /r 



HD[0:15] (read) 



XZZLZX 



HD[0:15] (write) 



x: 



FIGURE 16: Host Programmed I/O 8-16 Bit Timing 
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FIGURE 17: Host DMA 8/16-Bit Interface Timing (Demand Mode) 
RESET Assertion Timing Parameters (Figure 18) 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


Trpwl RST pulse width low 


NOT Power On Reset 


500 






ns 


Power On Reset 


7.5 






MS 



SYSCLK 



RST 



Trpwi . 



I 



FIGURE 18: RESET Assertion Timing 
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DESCRIPTION 

The SSI 32C9340 is a CMOS VLSI device which 
integrates major portions of the hardware needed to 
build a PCMCIA and/or ATA drive hard disk controller. 
The SSI 32C9340's place in the Silicon Systems' chip 
family is illustrated in the hierarchy chart in Figure 1 . It 
provides most of the functional circuitry necessary to 
build a PCMCIA intelligent disk. 

The SSI 32C9340 is capable of supporting 
interleaved host and disk transfers while maintaining a 
disk data transfer rate of up to 32 Mbit/s while operating 
in a 3.3V environment. This part also operates in a 5 
volt environment supporting disk transfer rates of up to 
48 Mbit/s. 

The SSI 32C9340 includes a multi-port Buffer Manager, 
a storage controller and a high performance PCMCIA 
host interface block that incorporates extensive 
hardware support — including direct connection to a 
PCMCIA or ATA bus. 

The SSI 32C9340 performs all the controller functions 
for the peripheral device including: Serialization and 
deserialization of data; and, ECC generation, checking 
and on-the-fly data correction. 



SSI 32C9340 
PCMCIA Combo Controller with 
Reed Solomon, 32/48 Mbit/s 



Target Specification 



January 1993 

FEATURES 

HOST INTERFACE: 

• PCMCIA/ATA and ATA compatible host 
Interface 

• Hardware and software compatible with 
PCMCIA bus standard, revision 2.0 

• Separate host interface VDD to allow 3.3V drive 
to plug into 5V systems 

• Programmable 256-byte PCMCIA CIS provided 

• High Current drivers for direct connection to 
the PCMCIA or AT bus 

• Both memory and I/O interfaces supported for 
PCMCIA 

• Includes IBM AT compatible Task File registers 

• Hardware added to provide Multi-Sector data 
transfers without microprocessor intervention 

• Automatic BUSY, INTRQ 

• 16 byte FIFO to improve throughput 

• Automatic command decoding of write, write 
buffer and format commands 

• Automatic update of the host task file registers 
in both LBA mode and Cyl/Hd/Sec mode 

• Power-down IO pins (continued) 



BLOCK DIAGRAM 



BUFFER MANAGER 
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FEATURES (continued) 
BUFFER MANAGER: 

• Supports Buffer RAM throughput up to: 

5V: 20 MByte/sec for SRAM and 17.2 
MByte/sec for DRAM (with 40MHz 
SYSCLK) 

3.3V: 15 MByte/sec for SRAM and 
12M Byte/sec for DRAM (with 30 MHz 
SYSCLK) 

• Programmable microprocesssor scratch pad 
area 

• Auto data streaming capability 

• Supports Multiple sector host data transfer 

• Supports up to 1 M byte DRAM and up to 256K 
SRAM 

• Supports variable DRAM and SRAM timings 
and sizes 

• Reload transfer counter and host address 
pointers 

• Supports page mode DRAM access 

• Programmable DRAM page mode burst length 

• Programmable DRAM refresh period 

• Separate host, disk, and microprocessor 
buffer RAM address pointers 

• Provides protection logic for buffer data 
allowing simultaneous host and disk accesses 
to the same buffer segment. 

DISK FORMATTER: 

• Advanced sequencer organized in 31 x 5 bytes 

• Advanced branch and interrupt logic 

• Defect management support 

• Supports multiple-sector data transfers 

• NRZ byte synchronization time out timer 

• Three-index counter providing limit of search 
and retry 

• 8-byte stack for header information storage 

• 16-byte disk data FIFO 

• Sector header or microprocessor-based split 
data field processing logic supporting 
embedded servo and zone-bit recording 



• Supports variable data field length 

• Disk transfer rate up to: 

3.3V: 32 Mbit/s second NRZ 
5V: 48 Mbit/s second NRZ 

• Power Down Mode 

MICROPROCESSOR INTERFACE: 

• High speed internal register access 

• Programmable wait state insertion 

• Supports both Intel and Motorola type 
microprocessers 

ERROR CORRECTION LOGIC: 

• Enhanced 16-bit CRC polynomial with one 
order of magnitude better burst error detection 
than CCITT-CRC16 

• Non-interleaved 88-bit Reed Solomon Code of 
degree 8 operation on 10-bit symbols 

• Automatic on-the-f ly in-buffer error correction 

• Selectable on-the-fly error correction span of 
11 or 31 bits signal burst 

• Calculation of buffer offsets and masks for on- 
the-fly ECC within one half of a sector time 

• On the fly in-buffer correction accomplished in 
no more than 5 buffer reads and writes throug h 
an independent channel 

• Capable of correcting by software four 10-bit 
symbols in error 

• Guaranteed to correct by software one 31 -bit 
burst or two 1 1-bit bursts 

• Detects up to one 51 -bit burst or three 11 -bit 
bursts 

OTHERS: 

• Automatic power supply level detection circuit 

• JEDEC conformant 3.3V specification 

• TTL-Level compatible input receivers at 3.3V 
or 5V 

• Avaiable in 1 20-pin surface mount TQFP 
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FUNCTIONAL DESCRIPTION 

The SSI 32C9340 is capable of operating in either a 3.3 
volt or 5 volt environment. In addition, the SSI 32C9340 
can operate in a mixed voltage environment with the 
host interface operating in a 5 volt environment and the 
remainder of its interfaces operating in a 3.3 
environment. This allows a drive designed to operate 
on 3.3 volts to interface with a host which is operating 
on 5 volts. 

The SSI 32C9340 contains the following four major 
functional blocks: 

Microprocessor Interface 

PCMCIA/ATA Interface 

Disk Formatter 

Buffer Manager 

The Microprocessor Interface allows the local 
microprocessor access to all of the SSI 32C9340 
internal control registers and any location within the 
buffer memory. The microprocessor, by writing and 
reading the internal registers, can control all activities 
of the SSI 32C9340. The microprocessor can elect to 
perform host and/or disk operations directly, or it can 
enable the advanced features of the SSI 32C9340 
which can perform these operations automatically. 

The PCMCIA/ATA Interface block can interface with 
PCMCIA interface as a PCMCIA/ATA device or with a 
PC AT bus. The SSI 32C9340 has on-board sensing 
logic to help determine whether it is operating in either 
the PCMCIA or ATA mode. The interface includes 16 
mA (24 mA @5V) drivers allowing for direct connection 
of the SSI 32C9340 to either the PCMCIA or PC AT 
bus. The interface is highly automated, capable of 
performing multiple block transfers without micro- 
controller involvement. The PCMCIA/ATA block 
interfaces directly with the Buffer Manager via an 
internal speed matching FIFO. This FIFO, the bandwidth 
capabilities of the Buffer Manager, plus the advanced 
features of the PCMCIA/ATA Interface guarantee 
sustained full speed transfers. 

The Disk Formatter performs the serialization and 
deserialization of data. It provides all of the necessary 
functions to control track formatting, header search, 
and the reading and writing of data. The heart of the 
Disk Formatter is an advanced programmable 



sequencer. The sequencer can contain 31 instructions, 
each of which is 5 bytes (40 bits) in width. The width of 
the instructions allows for sophisticated branching 
techniques which increase the flexibility and power of 
the sequencer. The disk interface can be configured 
through a wide range of capabilities. This allows the 
SSI 32C9340 to interface with nearly any read/write 
channel. This allows the user of the SSI 32C9340 to 
select the read/write channel best suited to the device. 
Of course, by selecting the SSI 32C9340 controller and 
the SSI 32P4330 Read Channel with 1 ,7 ENDEC, you 
are guaranteed a problem free interface. 

Within the Disk Formatter are the ECC generator/ 
checker and ECC corrector. The generator/checker 
provides the ability to generate or check a 32 bit ECC 
for headers and an 88 bit Reed Solomon code for data. 
If the checker detects an error in an 88 bit Reed 
Solomon data field, the syndrome information is 
transferred into the corrector. The corrector then 
performs the necessary operations to determine if the 
error was correctable and, if it was correctable, the 
corrector interfaces directly with the buffer controller 
and performs the correction automatically. The corrector 
performs its correction within one half of a sector. This 
guarantees that the corrector will always be available 
to correct the next sector if necessary. 

As its name implies, the Buffer Manager manages the 
data buffer of the controller. The Buffer Manager can 
support either SRAM or DRAM. When configured to 
operate with DRAM, the Buffer Manager automatically 
performs necessary refresh cycles. The buffer manager 
creates all of the necessary timing and control signals 
for a wide range of memory types and speeds. Besides 
interfacing with the buffer memory, the Buffer Manager 
interfaces with the ATA Interface block, the Disk 
Formatter block, the ECC corrector and the 
microprocessor. If more than one of these devices 
requires access to the buffer memory, the Buffer 
Manager arbitrates the requests automatically. The 
Buffer Manager of the SSI 32C9340 can sustain ATA 
operations at the rate of 3 (6 @ 5V) megawords per 
second, Disk Formatter operations at 32 (48 @ 5V) 
megabits per second and still has sufficient bandwidth 
left to handle on-the-fly ECC corrections and 
microprocessor accesses without degrading 
performance on any of the interfaces. 
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FIGURE 1: Silicon Systems's Disk Controller Chip Hierarchy 



PIN DESCRIPTION 



I = input, O = output; Z = tri-state output, OD = open drain output. All unused inputs must be tied to the inactive 
state to VCC or GND, respectively. 

BUFFER MANAGER INTERFACE 



NAME 


TYPE 


DESCRIPTION 


BA17/CAS 





Buffer Memory Address 17/Column Address Strobe: This signal is used for 
addressing the buffer memory in SRAM mode or as the colu mn address strobe 
in DRAM mode. 


BA16/RAS 





Buffer Memory Address 16/Row Address Strobe: This signal is used for 
addressing the buffer memory in SRAM mode or as the row address strobe in 
DRAM mode. 


MOE/MS 





Memory Output Enable/Memory Select: When configured as MOE, this signal 
is active during buffer memory reads. When configured as MS this signal is 
active during both buffer memory reads and buffer memory writes. This timing 
of the MS signal follows that of the address pins. 


WE 





Write Enable: This signal is asserted low when a buffer memory write 
operation is active in both SRAM and DRAM modes. 


SYSCLK 


I 


System Clock: This is the clock input that is used to generate buffer memory 
access cycles. 


BD"(7:0) 


I/O 


Buffer Memory Data Bus: These eight signals are bits 7-0 of the 8-bit parallel 
data lines to/from the buffer memory. Note that BD6 is used to select between 
the Intel and Motorola-style microprocessor interfaces. IF BD6 is externally 
pulled up when RST is asserted, Intel mode is used; if BD6 is externally pulled 
down when RST is asserted, Motorola mode is used. 


BA(15.0) 




Buffer Memory Address Lines: These are signals 15-0 for addressing the 
buffer memory. 
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MICROPROCESSOR INTERFACE 



NAME 


TYPE 


DESCRIPTION 


DINT 


0, 
OD, 
Z 


Interrupt: This signal is an interrupt line to the microprocessor. It is the 
combined interrupt line of the disk side and host side interrupts when pin RDY/ 
HINT is programmed as Ready ; otherwise it only signals the occurrence of disk 
side interrupt events. This signal is programmable for either a push-pull or 
open-drain output circuit. This signal powers up in the high-Z state. 


GS 


1 


Chip Select: This signal must be asserted high for all microprocessor ac- 
cesses 10 ine registers or ims cmp. 


WR/R/W 


1 


Write Strobe/Read/Write: When the Intel bus control interface is selected , this 
signal acts as the WR signal. When the write strobe signal is asserted low and 
the CS signal is asserted high, the data on the AD bus will be written to the 
register. 

When the Motorola bus control interface is selected , this signal acts as the DS 
signal. A high on the R/W signal along with the signal asserted and the CS 
signal asserted high indicates a read operation. A low on the R/W signal along 
with the signal asserted and the CS signal asserted high indicates a write 
operation. Note that when non-multiplexed address and data busses are sued, 

11 Ho pill UUllllyUicU do Uo ^dUllvtJ IOWJ. 


RD/DS 


1 


Read Strobe/Data Strobe: When the Intel bus control interface is selected , this 
signal acts as the RD signal. When the read strobe signal is asserted low and 
the CS signal is asserted high, the data from the specified register will be driven 
onto the AD bus. 

When Motorola bus control interface is selected the signal acts as the DS 
signal. A high on the R/W signal along with this signal asserted and the CS 
signal asserted nign indicates a read operation, a iow on me n/ vv signal aiong 
with this signal asserted and the CS signal asserted high indicates a write 
operation. Note that when non-multiplexed address and data buses are used, 
this pin configured as DS (active low). 


RDY/HINT 


o 


RpflHv/Hn^t Sirip Infprnint" Whpn nrnnrammprl zi^ thp rparlv fimrtinn thi^ 

signal is deasserted low for the microprocessor to insert wait states to allow 
time for the chip to respond to the access. 

When programmed as host side interrupt, this pin interrupts the microproces- 
sor when there is an AT host related interrupt event. The interrupt signal is 
programmable for either a push-pull or open-drain output circuit. This signal 
powers up as the "ready" function. 


AD (7:0) 


I/O 


Microprocessor Address/Data Bus: These signals are bidirectional multi- 
plexed microprocessor address/data lines when the chip is configured in the 
multiplexed bus mode. Otherwise these signals are the bidirectional data 
lines. 


MA (7:0) 


I/O 


Microprocessor Address/Bus: These signals are nonmultiplexed address 
input or demultiplexed address output lines. 
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PIN DESCRIPTION (continued) 



MICROPROCESSOR INTERFACE (continued) 



NAME 


TYPE 


DESCRIPTION 


ALE 


1 


Address Latch Enable/Intel or Motorola Mode Select: If this input is tied high 
after reset (i.e., after RST has been asserted and released), the microproces- 
sor interface is configured for Motorola mode with DS active high. If this input 
is tied low after reset, the microprocessor interface is configured for Motorola 
mode with DS active low. If this input makes a low to high transition after reset, 
then the microprocessor interface is configured for Intel mode. In this case, this 
pin functions as the address latch enable, and the latched address is output 
on the MA(7:0) pins. 


RST 


1 


Reset: An asserted low input generates a component reset that stops all 
operations within the chip and deasserts all output signals. All input/output 
signals are set to the high-Z state. 


DISK FORMATTER INTERFACE 


INPUT/OUTPUT 


I/O 


Disk Sequencer Input/Output: When configured as Input, this signal may be 
used to synchronize the disk sequencer to an external event. When configured 
as Output, this pin is controlled by bit 2 of the disk sequencer's control field. 
When RST is asserted, this pin as configured as Input. 


INDEX 


1 


Index: This is the input for the Index pulse received from the disk drive. 


AMD/SECTOR 


I/O 


Address Mark Detect/Sector: In hard sector mode, this is the input for the 
sector pulse from the disk drive. In soft sector mode, a low-level input during 
a read indicates an address mark was detected. 


RG 





Read Gate: This signal is asserted when a disk read operation is in progress 
and the NRZ data is input to the chip. 


WG 





Write Gate: This signal is used to enable the writing of NRZ data out to the 
storage device during a write operation. 


RRCLK 


1 


Read Reference Clock: This signal input clocks the NRZ data. 


NRZ 


I/O 


Non Return to Zero: This signal is the read data input from this disk drive when 
the read gate signal is asserted; it is the write data output to the disk drive when 
the write gate signal is asserted. 
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HOST INTERFACE PINS 



IOCS16 


0, 
OD 


1 6-Bit Data Select: This signal indicates that a 1 6-bit sector buffer transfer is 
active on the host data bus. This pin is open-drain in ATA mode, but push-pull 
in PCMCIA mode. This pin is not driven while RST is asserted, and remains 
so until the interface mode (PCMCIA or ATA) is determined. 


R/BUSY/IRQ 


0,2 


Ready/BUSY/Host Interrupt Request: In PCMCIA mode, this pin is the Ready/ 
BUSY signal when configured with a memory interface. In ATA mode, or in 
PCMCIA mode when configured with an I/O interface, this pin is the host 
interrupt request, and is asserted to indicate to the host that the controller 
needs attention. As an interrupt request, this pin is active high in ATA mode, 

hut artivp low in PnM("il A nwip Thta nin alwavQ firix/pn in POMOIA morlp 

UUl CftsllVG Iv/VV II 1 I V/iVIVs l»» 1 1 IvUCi 1 1 HO yJH 1 IO CllWCly 5> vi 1 IVCI Mill IVI W 1 /» 1 1 IVJVJvs , 

but will be tri-stated when the drive is not selected or interrupts are not enabled 
in ATA mode. This pin is driven low while RST is asserted, and remains so until 
the interface mode (PCMCIA or ATA) is determined. If PCMCIA mode is 
selected after reset, the chip is configured with a memory interface, and this 
pin will reflect the status of the BUSY bit in the Drive Status Register. 


A(8:0), A10 


1 


Host Address Lines : The host address lines A(8:0) and A1 are used to access 
the various PC/AT control, status, and data registers. 


A9/HCS1 


1 


AQ/HCS1 • Thta a multinlpypH innnt nin Whpn in PCMCIA modp or when 

#V%7/ 1 Iv/VJ 1 . 1 1 IIO IO CI 1 1 lUIUplCAuU II IL/Ul |^lll. IlllCM II 1 1 VylVIV^Irl 1 1 Ivviu j Ul Wll\sll 

register 4CH, bit 3 is reset, this is host address line A9. When register 4CH, 
bit 3 is set in ATA mode, this is Host chip select 1 (active low). 


CEO/HCSO 


1 


Host Chip Select O/Card Enable 1 : This signal when low, selects access to the 
control, status, and data registers. It is configured as HCSO in ATA mode, and 
as CE1 in PCMCIA mode. 


WAIT/IOCHRDY 


o,z 


Wait/I/O Channel Ready: This signal is asserted low to extend host transfer 
cycles when the controller is not ready to respond. This pin is always driven 
in PCMCIA mode, but will be tri-stated when a read or write is not in progress 
in ATA mode. This pin is tri-state while RST is asserted, and remains so until 
the interface mode (PCMCIA or ATA) is determined. 


INPACK/DREQ 


o,z 


Input Acknowledge/DMA Request: In PCMCIA mode, this pin is configured as 
INPACK, and is asserted when a valid address and chip select are present. In 
ATA mode, this pin is configured as the DMA request signal, and is used during 
DMA tran<?fpr hptwppn thp ho^t and thp nontroller In ATA mode this Din is tri- 

L</IVI#l 11 Gil Iwlwl U W I WW Vs I 1 11 Iv 1 IvOl d 1 114 11 lv wl III vllvl • II 1 # \ 1 /» 1 1 IvVlvj 11 llw W/91 1 lw 11 1 

stated when DMA transfers are not enabled. This pin is tri-state while RST is 
asserted, and remains so until the interface mode (PCMCIA or ATA) is 
determined. 


REG/DACK 


1 


Register Select and I/O ENABLE/DMA ACKNOWLEDGE: In PCMCIA mode, 
this pin is configured as REG, and selects the attribute memory space or I/O 
space when asserted. In ATA mode, this pin is configured as DACK, and is 
used as the DMA acknowledge signal during DMA data transfers. 


TOR 


1 


I/O Read: Asserted by the host during a host I/O read operation. When 
asserted with a valid address and chip selects, status or data is enabled onto 
the host data bus. 


low 


1 


I/O Write: Asserted by the host during a host I/O write operation. When 
asserted with a valid address and chip selects, data from the host data bus is 
strobed into the controller. 
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PIN DESCRIPTION (continued) 



HOST INTERFACE PINS (continued) 



HRESET/HRESET 


I 


Host Reset: This signal, when active, initializes the control/status registers and 
stops any command in process. It is active low in ATA mode, but active high 
in PCMCIA mode. 


HDB(15:0) 


I/O 


Host Data Bus: This bus is used to transfer data and status between the host 
and the controller. These pins are not driven while RST is asserted, and remain 
so until the interface mode (PCMCIA or ATA) is determined. 




I 


Card Enable 2: This signal, when low, selects access to the control, status, and 
data registers and may enable use of the upper half of the data bus. It is used 
only in PCMCIA mode. 


HOE/SELATA 


1 


Output Enable/Select ATA Mode: To determine which host interface to use, 
mis pin is sampiea starting at least o us aner no i is aeassertea, ana 
continuing until at least 25 us after RST is deasserted. If this pin is high at any 
time during this sampling period, the interface will immediately be configured 
for PCMCIA mode, and the sampling will end. If the pin remains low throughout 
the sampling period, the interface will be configured for ATA mode. Once in 
PCMCIA mode, this pin is configured as output enable (HOE), and is asserted 
by the host during a common memory or attribute memory read. When 
asserted with a valid address and chip select, data is enabled onto the host 
data bus. In ATA mode, this signal is ignored. 


HWE 


1 


Write Enable: In PCMCIA mode, this signal is asserted by the host during a 
common memory or attribute memory write. When asserted with a valid 
address and chip select, data from the host data bus is strobed into the 
controller. In ATA mode, this signal is ignored. 


STSCHG/PDIAG 


1,0, 


Status Changed/Passed Diagnostics: In PCMCIA mode, this pin is used as the 
Status Changed output. In ATA mode, this pin is used as the Passed 
Diagnostics signal and may be an input or an open-drain output. This pin is tri- 
state while RST is asserted, and remains so until the interface mode (PCMCIA 
or ATA) is determined. 


SPKR/DASP 


l/OD 


Speaker/Drive Active-Slave Present: In PCMCIA mode, this pin is used as the 
Speaker pin, and is a push-pull output, In ATA mode, this pin is used as the 
Drive Active/Slave Present signal, and is an input or an open-drain output. In 
ATA mode, this pin is used for Master/Slave drive communications and/or for 
driving an LED. This pin is tri-state while RST is asserted, and remains so until 
the interface mode (PCMCIA or ATA) is determined. 
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PACKAGE PIN DESIGNATIONS 

(Top View) 



CAUTION: Use handling procedures necessary 
for a static sensitive component. 
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reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data sheet 
is current before placing orders. 
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DESCRIPTION 

The SSI 32C9342 is a CMOS VLSI device which 
integrates major portions of the hardware needed to 
build a PCMCIA and/or ATA drive hard disk controller. 
The SSI 32C9342*s place in the Silicon Systems' chip 
family is illustrated in the hierarchy chart in Figure 1 . It 
provides most of the functional circuitry necessary to 
build a PCMCIA intelligent disk. 

The SSI 32C9342 is capable of supporting 
interleaved host and disk transfers while maintaining a 
disk data transf e r rate of up to 48 Mbit/s while operating 
in either a 3.3 volt or 5 volt environment. 

The SSI 32C9342 includes a multi-port Buffer Manager, 
a storage controller and a high performance PCMCIA 
host interface block that incorporates extensive 
hardware support — including direct connection to a 
PCMCIA or ATA bus. 

The SSI 32C9342 performs all the controller functions 
for the peripheral device including: Serialization and 
deserialization of data; and, ECC generation, checking 
and on-the-fly data correction. 



SSI 32C9342 
PCMCIA Combo Controller with 
Reed Solomon, 48 Mbit/s 



Target Specification 



January 1993 

FEATURES 
HOST INTERFACE: 

• PCMCIA/ ATA compatible host Interface 

• Hardware and software compatible with 
PCMCIA bus standard, revision 2.0 

• Separate host interface VDD to allow 3.3V drive 
to plug into 5V systems 

• Prog rammable 256-byte PCMCIA CIS provided 

• High Current drivers for direct connection to 
the PCMCIA or AT bus 

• Both memory and I/O interfaces supported for 
PCMCIA 

• Includes IBM AT compatible Task File registers 

• Hardware added to provide Multi-Sector data 
transfers without microprocessor intervention 

• Automatic BUSY, INTRQ 

• 16 byte FIFO to improve throughput 

• Automatic command decoding of write, write 
buffer and format commands 

• Automatic update of the host task f ile registers 
in both LBA mode and Cyl/Hd/Sec mode 

• POWer-dOWn IO pins (continued) 



BLOCK DIAGRAM 



BUFFER MANAGER 
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FEATURES (continued) 
BUFFER MANAGER: 

• Supports Buffer RAM throughput up to: 

5V: 20 MByte/sec for SRAM and 17.2 
MByte/sec for DRAM (with 40MHz 
SYSCLK) 

3.3V: 15 MByte/sec for SRAM and 
12M Byte/sec for DRAM (with 30 MHz 
SYSCLK) 

• Programmable microprocesssor scratch pad 
area 

• Auto data streaming capability 

• Supports Multiple sector host data transfer 

• Supports up to 1 M byte DRAM and up to 256K 
SRAM 

• Supports variable DRAM and SRAM timings 
and sizes 

• Reload transfer counter and host address 
pointers 

• Supports page mode DRAM access 

• Programmable DRAM page mode burst length 

• Programmable DRAM refresh period 

• Separate host, disk, and microprocessor 
buffer RAM address pointers 

• Provides protection logic for buffer data 
allowing simultaneous host and disk accesses 
to the same buffer segment. 

DISK FORMATTER: 

• Advanced sequencer organized in 31 x 5 bytes 

• Advanced branch and interrupt logic 

• Defect management support 

• Supports multiple-sector data transfers 

• NRZ byte synchronization time out timer 

• Three-index counter providing limit of search 
and retry 

• 8-byte stack for header information storage 

• 16-byte disk data FIFO 

• Sector header or microprocessor-based split 
data field processing logic supporting 
embedded servo and zone-bit recording 



• Supports variable data field length 

• Disk transfer rate up to 48 Mbit/s second NRZ 

• Power Down Mode 

MICROPROCESSOR INTERFACE: 

• High speed internal register access 

• Programmable wait state insertion 

• Supports both Intel and Motorola type 
microprocessers 

ERROR CORRECTION LOGIC: 

• Enhanced 16-bit CRC polynomial with one 
order of magnitude better burst error detection 
than CCITT-CRC16 

• Non-interleaved 88-bit Reed Solomon Code of 
degree 8 operation on 10-bit symbols 

• Automatic on-the-f ly in-buffer error correction 

• Selectable on-the-fly error correction span of 
11 or 31 bits signal burst 

• Calculation of buffer offsets and masks for on- 
the-fly ECC within one half of a sector time 

• On the fly in-buffer correction accomplished in 
no more than 5 buffer reads and writes throug h 
an independent channel 

• Capable of correcting by software four 10-bit 
symbols in error 

• Guaranteed to correct by software one 31 -bit 
burst or two 1 1 -bit bursts 

• Detects up to one 51 -bit burst or three 11 -bit 
bursts 

OTHERS: 

• Automatic power supply level detection circuit 

• JEDEC conformant 3.3V specification 

• TTL-Level compatible input receivers at 3.3V 
or5V 

• Avaiable in 120-pin surface mount TQFP 
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FUNCTIONAL DESCRIPTION 

The SSI 32C9342 is capable of operating in either a 3 .3 
volt or 5 volt environment. In addition, the SSI 32C9342 
can operate in a mixed voltage environment with the 
host interface operating in a 5 volt environment and the 
remainder of its interfaces operating in a 3.3 
environment. This allows a drive designed to operate 
on 3.3 volts to interface with a host which is operating 
on 5 volts. 

The SSI 32C9342 contains the following four major 
functional blocks: 

Microprocessor Interface 

PCMCIA/ATA Interface 

Disk Formatter 

Buffer Manager 

The Microprocessor Interface allows the local 
microprocessor access to all of the SSI 32C9342 
internal control registers and any location within the 
buffer memory. The microprocessor, by writing and 
reading the internal registers, can control all activities 
of the SSI 32C9342. The microprocessor can elect to 
perform host and/or disk operations directly, or it can 
enable the advanced features of the SSI 32C9342 
which can perform these operations automatically. 

The PCMCIA/ATA Interface block can interface with 
PCMCIA interface as a PCMCIA/ATA device or with a 
PC AT bus. The SSI 32C9342 has on-board sensing 
logic to help determine whether it is operating in either 
the PCMCIA or ATA mode. The interface includes 16 
mA (24 mA @5V) drivers allowing for direct connection 
of the SSI 32C9342 to either the PCMCIA or PC AT 
bus. The interface is highly automated, capable of 
performing multiple block transfers without micro- 
controller involvement. The PCMCIA/ATA block 
interfaces directly with the Buffer Manager via an 
internal speed matching FIFO. This FIFO, the bandwidth 
capabilities of the Buffer Manager, plus the advanced 
features of the PCMCIA/ATA Interface guarantee 
sustained full speed transfers. 

The Disk Formatter performs the serialization and 
deserialization of data. It provides all of the necessary 
functions to control track formatting, header search, 
and the reading and writing of data. The heart of the 
Disk Formatter is an advanced programmable 



sequencer. The sequencercancontain31 instructions, 
each of which is 5 bytes (40 bits) in width. The width of 
the instructions allows for sophisticated branching 
techniques which increase the flexibility and power of 
the sequencer. The flexible disk interface can be 
configured through a wide range of capabilities. This 
allows the SSI 32C9342 to interface with nearly any 
read/write channel and allows the user of the SSI 
32C9342to select the read/write channel best suited to 
the device. Of course, by selecting the SSI 32C9342 
controller and the SSI 32P4342 Read Channel with 1 ,7 
ENDEC, you are guaranteed a problem free interface. 

Within the Disk Formatter are the ECC generator/ 
checker and ECC corrector. The generator/checker 
provides the ability to generate or check a 32 bit ECC 
for headers and an 88 bit Reed Solomon code for data. 
If the checker detects an error in an 88 bit Reed 
Solomon data field, the syndrome information is 
transferred into the corrector. The corrector then 
performs the necessary operations to determine if the 
error was correctable and, if it was correctable, the 
corrector interfaces directly with the buffer controller 
and performs the correction automatically. The corrector 
performs its correction within one half of a sector. This 
guarantees that the corrector will always be available 
to correct the next sector if necessary. 

As its name implies, the Buffer Manager manages the 
data buffer of the controller. The Buffer Manager can 
support either SRAM or DRAM. When configured to 
operate with DRAM, the Buffer Manager automatically 
performs necessary refresh cycles. The buffer manager 
creates all of the necessary timing and control signals 
for a wide range of memory types and speeds. Besides 
interfacing with the buffer memory, the Buffer Manager 
interfaces with the ATA Interface block, the Disk 
Formatter block, the ECC corrector and the 
microprocessor. If more than one of these devices 
requires access to the buffer memory, the Buffer 
Manager arbitrates the requests automatically. The 
Buffer Manager of the SSI 32C9342 can sustain ATA 
operations at the rate of 3 (6 @ 5V) megawords per 
second, Disk Formatter operations at 48 megabits per 
second and still has sufficient bandwidth left to handle 
on-the-fly ECC corrections and microprocessor 
accesses without degrading performance on any of the 
interfaces. 
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32C9340 



32/48 Mbit/s NRZ, 
PCMCIA/ATA Controller, 
88-Bit R/S ECC 
3V/5V 



32 Mbit/s NRZ, 
AT Controller, 
56-Bit ECC 

48 Mbit/s NRZ, 
AT Controller, 
88-Bit R/S ECC 



32C9000 



\ 32C9O10 



32C9001 



32C9342 



32C9301 



48 Mbit/s NRZ, 
PCMCIA/ATA Controller, 
88-Bit R/S ECC 
Dual-Bit NRZ 
3V/5V 



32/48 Mbit/s NRZ, 
ATA Controller, 
88-Bit R/S ECC 
3V/5V 



48 Mbit/s NRZ, 
SCSI Controller, 
88-Bit R/S ECC 



32C9020 



32C9302 



32/48 Mbit/s NRZ, 
ATA Controller, 
88-Bit R/S ECC 
Dual-Bit NRZ 
3V/5V 



32 Mbit/s NRZ, 
SCSI Controller, 
88-Bit R/S ECC 



32C9022 



48 Mbit/s NRZ, 
SCSI Controller, 
88-Bit R/S ECC 
Dual-Bit NRZ 



32C9023 



72 Mbit/s NRZ, 
SCSI Controller, 
88-Bit R/S ECC 
Dual-Bit NRZ 



FIGURE 1: Silicon Systems's Disk Controller Chip Hierarchy 



PIN DESCRIPTION 



I = input, O = output; Z = tri-state output, OD = open drain output. All unused inputs must be tied to the inactive 
state to VCC or GND, respectively. 

BUFFER MANAGER INTERFACE 



NAME 


TYPE 


DESCRIPTION 


BA17/CAS 





Buffer Memory Address 1 71 Column Address Strobe: This signal is used for 
addressing the buffer memory in SRAM mode or as the column address strobe 
in DRAM mode. 


BA16/RAS 





Buffer Memory Address 16/Row Address Strobe: This signal is used for 
addressing the buffer memory in SRAM mode or as the row address strobe in 
DRAM mode. 


MOE/MS 





Memory Output Enable/Memory Select: When configured as MOE, this signal 
is active during buffer memory reads. When configured as MS this signal is 
active during both buffer memory reads and buff er memory writes. This timing 
of the MS signal follows that of the address pins. 


WE 





Write Enable: This signal is asserted low when a buffer memory write 
operation is active in both SRAM and DRAM modes. 


SYSCLK 


I 


System Clock: This is the clock input that is used to generate buffer memory 
access cycles. 


BD (7:0) 


I/O 


Buffer Memory Data Bus: These eight signals are bits 7-0 of the 8-bit parallel 
data lines to/from the buffer memory. Note that BD6 is used to select between 
the Intel and Motorola-style microprocessor interfaces. IF BD6 is externally 
pulled up when RST is asserted, Intel mode is used; if BD6 is externally pulled 
down when RST is asserted, Motorola models used. 


BA (15.0) 




Buffer Memory Address Lines: These are signals 15-0 for addressing the 
buffer memory. 
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MICROPROCESSOR INTERFACE 



NAME 


TYPE 


DESCRIPTION 


DINT 


0, 
OD, 
Z 


Interrupt: This signal is an interrupt line to the microprocessor. It is the 
combined interrupt line of the disk side and host side interrupts when pin RDY/ 
HINT is programmed as Ready ; otherwise it only signalsthe occurrence of disk 
side interrupt events. This signal is programmable for either a push-pull or 
open-drain output circuit. This signal powers up in the high-Z state. 


CS 


1 


Chip Select: This signal must be asserted high for all microprocessor ac- 
cesses to the registers of this chip. 


WR/R/W 


1 


Write Strobe/Read/Write: When the Intel bus control interface is selected , this 
signal acts as the WR signal. When the write strobe signal is asserted low and 
the CS signal is asserted high, the data on the AD bus will be written to the 
register. 

When the Motorola bus control interface is selected , this signal acts as the R/ 
W signal. A high on this input along with the RD/DS signal asserted and the 
CS signal asserted high indicates a read operation. A low on this input along 
with the RD/DS signal asserted and the CS signal asserted high indicates a 
write operation. 


RD/DS 


1 


Read Strobe/Data Strobe: When the Intel bus control interface is selected , this 
signal acts as the RD signal. When the read strobe signal is asserted low and . 
the CS signal is asserted high, the data from the specified register will be driven 
onto the AD bus. 

When Motorola bus control interface is selected the signal acts as the DS 
signal. A high on the R/W signal along with this signal asserted and the CS 
signal asserted high indicates a read operation. A low on the R/W signal along 
with this signal asserted and the CS signal asserted high indicates a write 
operation. Note that when non-multiplexed address and data buses are used, 
this pin configured as DS (active low). 


RDY/HINT 





Ready/Host Side Interrupt: When programmed as the ready function, this 
signal is deasserted low for the microprocessor to insert wait states to allow 
time for the chip to respond to the access. 

When programmed as host side interrupt, this pin interrupts the microproces- 
sor when there is an AT host related interrupt event. The interrupt signal is 
programmable for either a push-pull or open-drain output circuit. This signal 
powers up as the "ready" function. 


AD (7:0) 


I/O 


Microprocessor Address/Data Bus: These signals are bidirectional multi- 
plexed microprocessor address/data lines when the chip is conf igured in the 
multiplexed bus mode. Otherwise these signals are the bidirectional data 
lines. 


MA (7:0) 


I/O 


Microprocessor Address/Bus: These signals are nonmultiplexed address 
input or demultiplexed address output lines. 
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PIN DESCRIPTION (continued) 



MICROPROCESSOR INTERFACE (continued) 



NAME 


TYPE 


DESCRIPTION 


ALE 


I 


Address Latch Enable/Intel or Motorola Mode Select: If this input is tied high 
after reset (i.e., after RST has been asserted and released), the microproces- 
sor interface is configured for Motorola mode with DS active high. If this input 
is tied low after reset, the microprocessor interface is configured for Motorola 
mode with DS" active low. If this input makes a low to high transition after reset, 
then the microprocessor interface is configured for Intel mode. In this case, this 
pin functions as the address latch enable, and the latched address is output 
on the MA(7:0) pins. 


RST 


I 


Reset: An asserted low input generates a component reset that stops all 
operations within the chip and deasserts all output signals. All input/output 
signals are set to the high-Z state. 


DISK FORMATTER INTERFACE 


INPUT/OUTPUT 


I/O 


Disk Sequencer Input/Output: When configured as Input, this signal may be 
used to synchronize the disk sequencer to an external event. When configured 
as Output, this pin is controlled by bit 2 of the disk sequencer's control field. 
When RST is asserted, this pin as configured as Input. 


INDEX 


I 


Index: This is the input for the index pulse received from the disk drive. 


AMD/SECTOR 


I/O 


Address Mark Detect/Sector: In hard sector mode, this is the input for the 
sector pulse from the disk drive. In soft sector mode, a low-level input during 
a read indicates an address mark was detected. 


RG 





Read Gate: This signal is asserted when a disk read operation is in progress 
and the NRZ data is input to the chip. 


WG 





Write Gate: This signal is used to enable the writing of NRZ data out to the 
storage device during a write operation. 


RRCLK 


I 


Read Reference Clock: This signal input clocks the NRZ data. 


NRZO 


I/O 


NRZ Bit 0: This signal is the read data input from this disk drive when the read 
gate sig nal is asserted ; it is the write data output to the disk drive when the write 
gate signal is asserted. This pin is used for the least significant bit in dual bit 
NRZ mode; it is used for the serial data stream in signal bit NRZ mode. 


NRZ1 


I/O 


NRZ Bit 1 : This signal is the read data input from the disk drive when the read 
gate signal is asserted ; it is the write data output to the disk drive when the write 
gate signal is asserted. This pin is used for the most significant bit in dual bit 
NRZ mode; it is not used in single bit NRZ mode. 


WCLK 





Write Clock: This signal clocks the NRZ data out of the chip during a write. 
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HOST INTERFACE PINS 



IOCS16 


0, 
OD 


1 6-Bit Data Select: This signal indicates that a 1 6-bit sector buffer transfer is 
active on the host data bus. This pin is open-drain in ATA mode, but push-pull 
in PCMCIA mode. This pin is not driven while RST is asserted, and remains 
so until the interface mode (PCMCIA or ATA) is determined. 


ri/DUoY/lnvJ 


O, Z 


Heaoy/DUoY/nost interrupt nequest. in rOMuiA moae, tnis pin istne neaay/ 
BUSY signal when configured with a memory interface. In ATA mode, or in 
PCMCIA mode when configured with an I/O interface, this pin is the host 
interrupt request, and is asserted to indicate to the host that the controller 
needs attention. As an interrupt request, this pin is active high in ATA mode, 
but active low in PCMCIA mode. This pin is always driven in PCMCIA mode, 
but will be tri-stated when the drive is not selected or interrupts are not enabled 
in ATA mode. This pin is driven low while RST is asserted, and remains so until 
the interface mode (PCMCIA or ATA) is determined. If PCMCIA mode is 
selected after reset the eh id is conf inured with a memorv interface and this 

wvlvvlwU ulivl ■ wwwl) 11 IV wl Ilk/ 1 w ww 1 II «MvJI wVJ Willi %A 1 1 IV/ 1 1 IV/ 1 ¥ II llvl lUvw j v*l IW 11 iiw 

pin will reflect the status of the BUSY bit in the Drive Status Register. 


A(8:0), A10 


1 


Host Address Lines: The host address lines A(8:0) and A1 are used to access 
the various PC/AT control, status, and data registers. 


A9/HCS1 


1 


A9/HCS1 : This is a multiplexed input pin. When in PCMCIA mode, or when 
register 4CH, bit 3 is reset, this is host address line A9. When register 4CH, 
bit 3 is set in ATA mode, this is Host chip select 1 (active low). 


CEO/HCSO 


1 


Host Chip Select O/Card Enable 1 : This signal when low, selects access to the 
control, status, and data registers. It is configured as HCSO in ATA mode, and 
as CE1 in PCMCIA mode. 


WAIT/IOCHRDY 


0, z 


Wait/I/O Channel Ready: This signal is asserted low to extend host transfer 
cycles when the controller is not ready to respond. This pin is always driven 
in PCMCIA mode, but will be tri-stated when a read or write is not in progress 
in ATA mode. This pin is tri-state while RST is asserted, and remains so until 
the interface mode (PCMCIA or ATA) is determined. 


INPACK/DREQ 


o,z 


Input Acknowledge/DMA Request: In PCMCIA mode, this pin is configured as 
INPACK, and is asserted when a valid address and chip select are present. In 
ATA mode, this pin is configured as the DMA request signal, and is used during 
DMA transfer between the host and the controller. In ATA mode, this pin is tri- 
stated when DMA transfers are not enabled. This pin is tri-state while RST is 
asserted, and remains so until the interface mode (PCMCIA or ATA) is 
determined. 


REG/HACK 


1 


Rpnistpr <^p|prt anH I/O FMARI F/nMA APKMOWl FHftF- In PHMfllA mnHp 

this pin is configured as REG, and selects the attribute memory space or I/O 
space when asserted. In ATA mode, this pin is configured as DACK, and is 
used as the DMA acknowledge signal during DMA data transfers. 


IOR 


1 


I/O Read: Asserted by the host during a host I/O read operation. When 
asserted with a valid address and chip selects, status or data is enabled onto 
the host data bus. 


low 


1 


I/O Write: Asserted by the host during a host I/O write operation. When 
asserted with a valid address and chip selects, data from the host data bus is 
strobed into the controller. 
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PIN DESCRIPTION (continued) 



HOST INTERFACE PINS (continued) 



HRESET/HRESET 


I 


Host Reset: This signal, when active, initializes the control/status registers and 
stops any command in process. It is active low in ATA mode, but active high 
in PCMCIA mode. 


HDB(15:0) 


I/O 


Host Data Bus: This bus is used to transfer data and status between the host 
and the controller. These pins are not driven while RST is asserted, and remain 
so until the interface mode (PCMCIA or ATA) is determined. 


CE2 


I 


Card Enable 2: This signal, when low, selects access to the control, status, and 
data registers and may enable use of the upper half of the data bus. It is used 
only in PCMCIA mode. 


HOE/SELATA 


I 


Output Enable/Select ATA Mode: To determine which host interface to use, 
this pin is sampled starting at least 8 us after RST is deasserted, and 
continuing until at least 25 us after RST is deasserted. If this pin is high at any 
time during this sampling period, the interface will immediately be configured 
for PCMCIA mode, and the sampling will end. If the pin remains low throughout 
the sampling period, the interface will be configured for ATA mode. Once in 
PCMCIA mode, this pin is configured as output enable (HOE) , and is asserted 
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asserted with a valid address and chip select, data is enabled onto the host 
data bus. In ATA mode, this signal is ignored. 


HWE 


I 


Write Enable: In PCMCIA mode, this signal is asserted by the host during a 
common memory or attribute memory write. When asserted with a valid 
address and chip select, data from the host data bus is strobed into the 
controller. In ATA mode, this signal is ignored. 


STSCHG/PDIAG 


i.o, 


Status Changed/Passed Diagnostics: In PCMCIA mode, this pin is used as the 
Status Changed output. In ATA mode, this pin is used as the Passed 
Diagnostics signal and may be an input or an open-drain output. This pin is tri- 
state while RST is asserted, and remains so until the interface mode (PCMCIA 
or ATA) is determined. 


SPKR/DASP 


I/OD 


Speaker/Drive Active-Slave Present: In PCMCIA mode, this pin is used as the 
Speaker pin, and is a push-pull output. In ATA mode, this pin is used as the 
Drive Active/Slave Present signal, and is an input or an open-drain output. In 
ATA mode, this pin is used for Master/Slave drive communications and/or for 
driving an LED. This pin is tri-state while RST is asserted, and remains so until 
the interface mode (PCMCIA or ATA) is determined. 
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PACKAGE PIN DESIGNATIONS 

(Top View) 



CAUTION: Use handling procedures necessary 
for a static sensitive component. 
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Target Specification: The target specification is intended as an initial disclosure of specification goals for the product. The specifications 
are based on design goals, subject to change and are not guaranteed. 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data sheet 
is current before placing orders. 
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SSI 34P553/5531 
Pulse Detector & 
Data Synchronizer 



DESCRIPTION 

The SSI 34P553/5531 is a low power, high performance 
Pulse Detection, Data Synchronization combination 
device. This device is designed for use in low power 
applications requiring +5V only power supplies. The 
pulse detection portion of this device detects and 
validates amplitude peaks in the output from a disk 
drive read amplifier. The data synchronization portion 
is an MFM and 1 , 7 data synchronizer with window shift 
capability. The SSI 34P553/5531 achieves low system 
operating power two ways, with a low operating power 
(+5V only design) and with a power down mode. The 
power down mode is a complete shutdown or sleep 
mode. The SSI 34P553/5531 is available in a 52-lead 
fine pitch QFP package. 

The 34P5531 is the same device, but with separate 
CIN+, DIN+ inputs, for use with active filters such as the 
SSI 32F8030. 



December 1992 



FEATURES 



Highly Integrated Pulse Detector and 
Data Synchronizer 

+5V only Power Supplies 

790 mW max. power 

Low Pulse Pairing 

0.6-1.6 Mbit/s operation 



BLOCK DIAGRAM 
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CAUTION: Use handling procedures necessary 
for a static sensitive component. 



SSI 34P553/5531 
Pulse Detector & 
Data Synchronizer 



CIRCUIT OPERATION 
PULSE DETECTOR SECTION 
READ MODE 

The SSI 34P553/5531 enters into the read mode when 
the WG pin is pulled low. In the read mode, the SSI 
34P553/5531 provides amplification and pulse level 
qualification of the signal applied to the input pins of the 
AGC amplifier. 

AGC AMPLIFIER 

An amplified head output signal is AC coupled to the IN+ 
and IN- pins of the AGC amplif ier. To control the gain of 
the AGC amplifier, the signal at the DIN± pins is full- 
wave rectified and amplified. The resulting voltage is 
compared to the voltage level present at the AGC pin. If 
the voltage level is higher than the AGC pin reference 
level, the SSI 34P553/5531 will enter into an attack 
mode. If it is lower than the AGC pin voltage the device 
will enter into a decay mode. 

Attack Mode- The SSI 34P553/5531 contains a dual 
rate attack charge pump that is controlled by the instan- 
taneous level at DIN±. When the voltage from the full 
wave rectifier exceeds the AGC pin voltage by greater 
than 125%, a fast attack mode is entered. During fast 
attack, 1 .4 mA of current is supplied to the network on 
the BYP pin. When the full wave rectifier voltage ex- 
ceeds the AGC pin voltage by 100 to 125%, the slow 
attack mode is entered. During stow attack the charge 
current supplied to the BYP pin is 0.18 mA. This dual 
rate charge pump allows the AGC to recover rapidly 
during write to read transitions while minimizing distor- 
tion once the AGC amplitude is within range. 

Decay Mode. Two internally controlled decay modes 
are provided by the SSI 34P553/5531 . Upon aswitchto 
write mode, the device holds the gain at its last value and 
the AGC inputs are switched to low impedance. When 
the device is switched back from write to read, the gain 
remains held and the AGC inputs remain in a low 
impedance state for 0.9 us. At this time, if the new gain 
required is more than the held value the device enters 
into the decay mode. A fast decay current of 0.1 2 mA is 
automatically switched on for a period of 0.9 us. After .9 
us the device will sink a steady state slow decay current 
of 4.5 uA (reference Figure 7.) 

AGC Level Control. The AGC level is controlled by the 
voltage presented on the AGC pin. The AGC pin is 
internally biased at approximately 2.3V which sets the 
signal at the DIN± pins to 1.0 Vpp under nominal 
conditions. The voltage at the AGC pin can be externally 
controlled by connecting a resistor between the AGC pin 
and either VPA1 or AGND1. When a resistor is con- 
nected from AGC to VPA1 the voltage on the AGC pin 



can be increased (Figure 1a). When a resistor is 
connected from AGC to AGND1 the voltage on the AGC 
pin can be decreased (Figure 1 b). The new DIN± input 
target level is nominally (VAGC -0.75)-0.64 Vpp. The 
output of the AGC amplifier has a maximum swing of 3.0 
Vpp that can be controlled using the AGC pin. The 3.0 
Vpp swing supports the use of external f ilters that have 
up to 6 dB of loss. A multi-pole Bessel filter is typically 
used for its linear phase or constant group delay char- 
acteristics. 



(1A) 



(1B) r 




Vagc. l^VJRint v 
Rint + Rext 



V - Voltage at AGC pin with pin open (2.3V nominal) 
Rint - AGC pin input impedance (2.5 Kfl: typical) 
Rext - External Resistor 



FIGURES 1A & 1B: AGC Voltage 

The gain of the AGC amplif ier is directly controlled by the 
voltage at the BYP pin (VBYP) or the VEGC pin as 
shown in Figure 2. The AGC amplifier has open collector 
outputs that can sink up to 4.0 mA of current. For correct 
operation over the gain range each output should be 
pulled up to VPAI through a 340 Q. resistor as shown in 
Figure 3. 



Gain V/V 




80 






X Slope * 140/V nominal 






45 


4 


-------I---X 




2.5 




VBYP (Volts) 



FIGURE 2: AGC Gain 




FIGURE 3: AGC Filter 
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PULSE QUALIFICATION 

The SSI 34P553/5531 uses both amplitude and time 
qualification to digitize the incoming data pulses. In the 
amplitude channel the signal is sent to a hysteresis 
comparator. A hysteresis trip level is externally set 
such that only pulses that exceed the required signal 
level will trip the comparator. This prevents false quali- 
fication of baseband noise. The hysteresis trip level 
can be either a fixed level or a fraction of the DIN 
+/- voltage level. 

Hysteresis Level. A fixed hysteresis level can be set 
by applying a DC voltage to the HYS pin. This is a 
simple method for hysteresis control but it does not 
compensate well for internal variances from device to 
device. A more effective approach is to feed forward a 
percentage of the voltage level at the DIN± pins. This 
approach is accomplished by using a filter/divider 
network between the LEVEL and HYS pins. The 
LEVEL pin output voltage is a rectified and amplified 
version of the voltage level applied to the DIN± pins. 
The gain in this circuit is set so that a 1 Vpp signal 
applied to DIN+/- will result in a 1 Vpk (typical) output 
signal at the LEVEL pin. An external capacitor to 
AGND1 should be used on the LEVEL pin to maintain 
a DC level. An external voltage divider can be connected 
between the LEVEL pin and AGND1 to provide the 
hysteresis programming voltage to the HYS pin. The 
HYS pin voltage determines the percentage of the 
DIN+/- input signal that will tripthe hysteresis comparator 
of the SSI 34P553/5531 . The transfer function of the 
HYS pin for setting the threshold percentage is: 

Hysteresis Threshold = 0.41 x VHYS 

where VHYS is the voltage applied to the HYS pin. For 
example, with a 1 .0 Vpp signal at DIN+/- the LEVEL pin 
output will be 1 .0 Vpk. Using a 50% resistor divider 
between LEVEL and AGND1 would result in a HYS pin 
voltage of 0.5V and that would produce a hysteresis 
threshold of 0.20V in both the positive and negative 
direction. This translates to a hysteresis threshold 
percentage of 40% of DIN+/-. 

Because the SSI 34P553/5531 circuits are internally 
biased to the same levels, the technique of feeding 
forward the LEVEL pin voltage helps to offset process 
related internal tolerance variations. In addition, the 
feed forward technique speeds up transient recovery 
by allowing qualification of input pulses while the AGC 
is still settling, such as during write to read recovery or 



head change recovery. Care should be taken in 
selecting the hysteresis level time constant so that 
pattern induced low amplitude signals are not missed. 
The SSI 34P553/5531 has a built in minimum of ±50 
mV threshold for level qualification even when the HYS 
pin is grounded. This prevents false triggering due to 
baseband noise during a DC erase gap. 

The outputs of the hysteresis comparator are the "D" 
inputs of the D-type flip-flop. One side of the hysteresis 
comparator outputs is provided as the DOUT pin test 
point. The DOUT pin can be monitored by connecting 
a 3 to 6 kO resistor to AGND2. When the DOUT pin is 
not used, it can be pulled up to VPA2 to save power. 

In the time channel the signal is differentiated to trans- 
form signal peaks to zero crossings which are detected 
and used to trigger a bi-directional one-shot. The one- 
shot output pulses are used as the clock input of the D 
flip-flop. The COUT pin provides the one-shot output 
for test purposes. It also requires an external 3 to 6 KQ. 
pull-down resistor for testing. 

The differentiator unction is accomplished by an exter- 
nal network between the DIF+ and DIF- pins. The 
transfer function from DIN± to the comparator input 
(not DIF±) is: 

-2000 Cs 
Av= 

LCs 2 +C(R+92)s+1 

where: C, L, R are external passive components 
20 pF < C < 500 pF 
s=jco = j2xcf 

During normal operation, the time channel clocks the D 
flip-flop on every positive and negative peak of the 
DIN± input. The D input to the flip-flop only changes 
state when the DIN± input exceeds the hysteresis 
comparator threshold opposite in polarity to the previ- 
ous threshold exceeding peak. 

The time channel, then, determines signal peak timing 
and the amplitude channel determines validity by 
blocking signal peaks that do not exceed the hysteresis 
comparator threshold. The delays in each of these 
channels to the D flip-flop inputs are well matche d. The 
D flip-flop output triggers a one-shot that sets the RDO 
output pulse width. 
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WRITE MODE 

In Write Mode the SSI 34P553/5531 Pulse Detector 
section is disabled and preset for the f ollowin g Read 
Mode. The digital circuitry is disabled, (RDO pin held 
high), the input AGC amplifier gain is held at its previ- 
ous value and the AGC amplifier input impedance is 
reduced. 

Holding the AGC amplifier gain and reducing input 
impedance shortens system Write to Read recovery 
times. 

The lowered input impedance improves settling time 
by reducing the time constant of the network between 
the SSI 34P553/5531 and a head preamplifier such as 
the SSI 32R1 200R. Write to read timing is controlled to 
maintain the reduced impedance for 0.9 jjs before the 
AGC circuitry is activated/Coupling capacitors should 
be chosen with as low a value as possible consistent 
with adequate bandwidth to allow more rapid settling. 

DATA SYNCHRONIZER SECTION 

The SSI 34P553/5531 is designed to perform data 
synchronization in rotating memory systems which uti- 
lize a 1 , 7 RLL and MFM encoding format. In the Read 
Mode the SSI 34P553/5531 performs Data Synchroni- 
zation. The interface electronics and architecture of the 
SSI 34P553/5531 have been optimized for use as a 
companion device to the WD 42C22 controllers. 

The SSI 34P553/5531 can operate with data rates 
ranging from .6 to 1 .6 Mbit/s. This data rate is estab- 
lished by a single 1% external resistor, RR, connected 
from pin IREF to VPA2. This resistor establishes a 
reference current which sets the VCO center fre- 
quency, the phase detector gain, and the 1/4 cell delay. 
The value of this resistor is given by: 

RR=-^-1.78(k£2)MFM 

RR=^-1.78(kO)1,7 
Where: DR = Data Rate in Mbit/s 

An external TTL compatible reference may be applied 
to REFCLK 

The SSI 34P553/5531 employs a Dual Mode Phase 
Detector: Harmonic in the Read Mode and Non-Har- 
monic in Write and idle Modes. In the Read Mode the 
Harmonic Phase Detector updates the PLL with each 
occurrence of a DLYD DATA pulse. In the Write and 
Idle Modes the Non-Harmonic Phase Detector is con- 



tinuously enabled, thus maintaining both phase and 
frequency lock. By acquiring both phase and frequency 
lock to the crystal reference oscillator and utilizing a 
zero phase restart technique, false lock to DLYD DATA 
is eliminated. 

The phase detector incorporates a charge pump in 
order to drive the loop filter directly. The polarity and 
width of the output current pulses correspond to the 
direction and magnitude of the phase error. Figure 4 
depicts the average output current as function of the 
input phase error (relative to the VCO period.) 

The READ GATE (RG), and WRITE GATE (WG), 
inputs control the device mode as described in Table 1 . 
RG is an asynchrouous input and may be initiated or 
terminated at any position on the disk. WG is also an 
asynchronous input, but should not be terminated prior 
to the last output Write Data pulse. 

READ OPERATION 

The Data Synchronizer utilizes a fully integrated fast 
acquisition PLL to accurately develp the decode win- 
dow. Read Gate, RG, initiates the PLL locking se- 
quence and selects the PLL reference input; a high 
level (Read Mode) selects the Read Data input and low 
level selects the crystal reference oscillator. 

In the Read Mode the rising edge of DLYD DATA 
enables the Phase Detector while the falling edge is 
phase compared to the rising edge of the VCO. As 
depicted in Figure 5, DLYD DATA is a 1/4 cell wide 
(TVCO/2) pulse whose leading edge is defined by the 
leading edge of Read Data. VCO is generated from the 
rising edges of the VCO clock. By utilizing a fully 
integrated symmetrical VCO running at the code rate, 
VCO is insured to be accurate and centered symmet- 
rically about the falling edges of DLYD DATA. The 
accuracy of the 1/4 cell delay only affects the retrace 
angle of the phase detector and does not influence the 
accuracy of VCO. 

Shifting the symmetry of the VCO clock effectively 
shifts the relative position of the DLYD DATA pulse 
within the decode window. This powerful capability 
easily facilitates defect mappings, automatic calibra- 
tion, window margin testing, error recovery, and sys- 
tematic error cancellation. For enhanced disk drive 
testability and error reco very, d ecode window contr ol is 
provided via a *iP port (WSL, WSD, WSO, WS1) as 
describe d in T able 2. In application not utilizing this 
feature, WSL sho uld be left open or connected to 
VPA2, while WSD, WSO , and WS1 can be left open. 
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Window shifts in the range of ±5% to ±20% of TVCO 
are easily programmed by latching the appropriate 
control word into the Window Shift Register with the 
WSL pin. Shifts in the positive or negative directions 
result in early or late decode windows respectively, as 
depicted in Figure 6. Additionally, for small systematic 
error cancellation, a resistor, R, connected from either 
RS (Early) or RF (Late) to ground will provide analog 
control over the decode window. The magnitude of this 
shift, TSA is determined by: 

TSA=0.25TVCofl- 3260+R l 
5950+R J 

Where: R is in Q. 

Pins RF and RS are intended to be used as a trim and 
should be restricted to ±3% window shifts. They can be 
used in conjunction with the digital control port. 



In Non-Read Modes, the PLL is locked to REFCLK. 
This forces the VCO to run at a frequency which is very 
close to that required for tracking actual data and thus 
minimizes the associated frequency step during acqui- 
sition. When RG transitions, the VCO is stopped mo- 
mentarily, then restarted in an accurate phase align- 
ment with the next PLL reference input pulse. By 
minimizing the phase alignment in this manner, the 
acquisition time is substantially reduced. 

POWER DOWN MODE 

A power down mode is provided to r educe po wer 
usage during the idle periods. Taking PDWN1 low 
causes the device to go into complete shutdown. 

MODE CONTROL 

The SSI 3 4P553/ 5531 circuit mode is controlled by the 
PDWN1, HOLD, RG, and WG pins as shown in 
Table 1. 



TABLE 1: Mode Control 



WG 


RG 


HOLD 


PDWN1 










1 


1 


Read Mode VCO Locked to XTAL 





1 


1 


1 


Read Mode VCO Locked to Read Data 





X 





1 


Read Mode AGC gain held constant* 


1 





X 


1 


Write Mode AGC gain held constant* 
Input impedance reduced 


X 


X 


X 





Power shutdown mode 



* AGC gain will drift at a rate determined by BYP capacitor and Hold mode leakage current. 
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TABLE 2: Decode Window Symmetry Control 



Ts, NOMINAL WINDOW SHIFT 


WSD 


WS1 


WSO 


+TS3 











+TS2 








1 


+TS1 





1 











1 


i 


-TS3 


1 








-TS2 


1 





1 


-TS1 


1 


1 








1 


1 


1 



AVERAGE 




a) HARMONIC MODE b) NON-HARMONIC MODE 



Note 1) lo Is the magnitude of the charge pump current. 
2) Phase error is relative to the VCO period 

FIGURE 4: Phase Detector Transfer Function 
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FIGURE 5: Data Synchronization Waveform Diagram 



READ 
DATA 



DLYD 
DATA 



(DECODE "I 
WINDOW) L 



1 



(a) EARLY 



READ 
DATA 



DLYD 
DATA 



(DECODE 1 

WINDOW) L 



JL 



(b) NORMAL 



READ 
DATA 



DLYD 
DATA " 



(DECODE 
WINDOW) 



1 I 



JL 



(c) LATE 



FIGURE 6: Decode Window 
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PIN DESCRIPTION 



NAME 


TYPE 


DESCRIPTION 


VPA1 


I 


Analog (+5V) power supply for pulse detector. 


AGND1 


I 


Analog ground pin for pulse detector block. 


VPA2 


I 


Analog (+5V) supply pin for data synchronizer block. 


AGND2 


I 


Analog ground pin for data synchronizer block. 


VPD 


I 


Digital (+5V) power supply pin. 


DGND 


I 


Digital ground pin. 


IN+, IN- 


I 


Analog signal input pins. 


OUT+, OUT- 





Read path AGC Amplifier output pins. 


DIN+, DIN- 


I 


Analog input to the hysteresis comparator, and differentiator. 


CIN+, CIN- 


I 


Analog input to the clock comparator, differentiator. In the 34P553/5531 , 
CIN+ is connected to DIN+, CIN- is connected to DIN-. 


DIF+, DIF- 


I/O 


Pins for external differentiating network. 


COUT 





Test point for monitoring the flip-flop clock input. Pull down resistor 
required. 


DOUT 


o 


Test point for monitoring the flip-flop D-input. Pull down resistor required. 


BYP 


I/O 


An AGC timing capacitor or network is tied between this pin and AGND1 . 


AGC 


I 


Reference input voltage for the read data AGC loop. 


LEVEL 





Output from fullwave rectifier that may be used for input to the hysteresis 
comparator. 


HYS 


I 


Hysteresis level setting input to the hysteresis comparator. 


TRKAA 





Full wave rectifier output. This output has the same DC level as the LEVEL 
pin, i.e. , < 0.3V with no AC signal and « 1 V OP with a 1 V pp AC signal at DIN+/ 
niM- 


HOLD 


I 


TTL compatible pin that holds the AGC gain when pulled low. 


EGC 


I 


External Gain Control. This is a TTL input pin that allows the AGC gain to 
be controlled by either BYP or the VEGC pin voltage. When AGE is high, 
the AGC gain is controlled by VEGC and the internal charge pump to BYP 
is disabled 


VEGC 


I 


The voltage at this pin is used to control the AGC gain when the EGC pin 
is held high. 


RDO 





Read Data Output. This is the TTL output from the pulse detector. This 
signal may be fed directly into the RDT input. 


IREF 


I 


Timing program pin: the VCO center frequency, Phase Detector Gain and 
the 1/4 cell delay are a function of the current source into pin IREF. The 
current is set by an external resistor, RR connected from IREF to VPA2. 


FLTR 


I/O 


Filter pip: the phase detector output and VCO input node. The loop filter 
is connected to this pin. 
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PIN DESCRIPTION (Continued) 



NAME 


TYPE 


DESCRIPTION 


SRD 





Synchronized Read Data: read data that has been re-synchronized to VCO clock. 


WSD 


I 


\A/inrln\A/ Qummotiv niror'tiniv ry^ntrnlc tho Hiroptinnc nf tho nntinnal winHr»\A/ Qvmmp- 
vv ii iuuw oy 1 1 ii i icii y lmi coikji i. iaj i iiiuio ii it* uii ci/UUi io ui u ic ujjihji icii wii iuuw oy 1 1 ii i ic 

try shift. Pin WSD has an internal resistor pull-up. 


WSO 


I 


Window symmetry control bit: a low level introduces a window shift of 5% TORC 
(read reference clock period) in the direction established by WSD pin. WSO has an 
internal resistor pull-up. 


WS1 


I 


Window Symmetry Control bit: a low level introduces a window shift of 15% TORC 
(read reference clock period) in the direction established by WSD. A low level at both 
WSO and WS1 will produce the sum of the two window shifts. Pin WS1 has an 
internal resistor duII-ud 


WSL 


I 


Window Symmetry Latch: used to latch the input window symmetry control bits 
WSD, WSO , WS1 into the internal DAC. An active low level latches the input bits. 


RF, RS 


I 


WINDOW SYMMETRY ADJUST PINS: Provides analog control over the decode 
window symmetry; typically used to null out any window symmetry offset. A resistor 
connected from either RF or RS to AGND will provide magnitude and direction 
control. They can be used in conjunction with the digital control port WSD, WSO , 
WS1. 


RG 


I 


Read gate: selects the PLL reference input and initiates the PLL synchronization 
sequence. A high level selects the internal RD± inputs. A low level selects the crystal 
reference oscillator, Pin RG has an internal resistor pullup. 


WG 


I 


Write Gate: enables the write mode. Pin WG has an internal resistor pullup. 


VCO CLK 





VCO CLK: An open emitter ECL output test point. Two external resistors are required 
to perform this test. They should be removed during normal operation for reduced 
power dissipation. 


RDT 


I 


Read Data input. This TTL input comes from the RDO output of the pulse detector. 
This signal is active low. 


PDWN1 


I 


Power Down input. When this input is low, the chip enters low power mode. This pin 
has an internal pullup resistor, and may be left open or tied high if not used. 


REF CLK 


I 


Reference Clock. This is a TTL input at the code rate that is used as the reference 
for the VCO in idle mode. 


VCO 





VCO output. This is the VCO signal converted to a TTL level. 


PLL_REF 





PLL Reference Test Point. In write and idle modes, this is the reference oscillator 
signal. In read mode, it is the delayed read data (DRD) signal. This is an ECL level 
output. PLL_REF can be compared to VCOCLK to see the window centering 
accuracy. 
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ELECTRICAL SPECIFICATIONS 

Unless otherwise specified, 4.5V <, VPA 2 <> 5.5V, 25°C < Tj <, 135°C, 1 .2 MHz < 1/TVCO < 2.4 MHz. 
ABSOLUTE MAXIMUM RATINGS 

Operation outside these rating limits may cause permanent damage to this device. 



PARAMETER 


RATING 


5V Supply Voltage, VPA1, VPA2, VPD 


6.0 V 


Pin Voltage (Analog pins) 


-0.3 to VPA1.2 + 0.3 V 


Pin Voltage (All others) 


-0.3 to VPD + 0.3 V or +12 mA 


Storage Temperature 


-65 to 150 °C 


Lead Temperature (Soldering 10 sec.) 


260 °C 



RECOMMENDED OPERATING CONDITIONS 

Currents flowing into the chip are positive. 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


Supply Voltage (VPA1 , 2 & VPD) 




4.5 


5.0 


5.5 


V 


Tj Junction Temperature 




25 




135 


°c 


POWER SUPPLY 


PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


IVPA1.2 Supply Current 
IVPD 


Outputs unloaded 
PDWN1= high or open 




110 


143 


mA 


PDWN1 = low 
Outputs unloaded 




44 


57 


mA 


Pd Power dissipation 


Ta = 25°C, outputs unloaded 
PDWN1= high or open 




550 


790 


mW 


PDWN1 . low 
Outputs unloaded 




220 


315 


mW 
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LOGIC SIGNALS 



PARAMETER 


CONDITION 


MIN 


NOM 


MAX 


UNIT 


VIL Input Low Voltage 




-0.3 




0.8 


V 


VIH Input High Voltage 




2.0 




VCC+0.3 


V 


ML Input Low Current 


VIL = 0.4V 


0.0 




-0.4 


mA 


IIL WG Input Low Current 


VIL = 0.4V 


0.0 




-0.8 


mA 


iin input nign Lrurrent 


\/|LJ o A\l 

Vlrl = £.4V 






i c\c\ 
lUU 


UA 


VOL Output Low Voltage 


IOL = 4.0 mA 






0.5 


V 


VOH Output High Voltage 


IOH = -400 uA 


2.4 






V 


VOHT Test Point 

Output High Level 
PLL_ REF, VCOCLK 


262a to VPD 
402a to GND 
VPD = 5.0V 
VOHT - VPD 




-.85 




V 


VOLT Test Point 

Output Low Level 
PLL_REF, VCOCLK 


262a to VPD 
402a to GND 
VPD = 5.0V, VOHT - VPD 




-1.75 




V 



* Output load is a 4K resistor to 5V and a 1 pF capacitor to DGND. 



MODE CONTROL 



Enable to/from PDWN1 
Transition Time 


Settling time of external 
capacitors not included, 
PDWN pin high to/from low 






20 


|IS 


Read to Write Transition Time 


WG pin low to high 






1.0 


us 


Write to Read 
Transition Time 


WG pin high to low 
AGC setting not included 


0.4 


0.9 


1.6 


US 


HOLD On to/from HOLD Off 
Transition Time 


HOLD pin high to/from low 






1.0 


us 


RG Time Delay 








100 


ns 



READ MODE (WG is low) 
AGC AMPLIFIER 

Unless otherwise specified, recommended operating conditions apply. Input signals are AC coupled to IN±. 
OUT± are loaded differentially with 340a x 2 to VPA1 , and each side is loaded with < 1 pF to AGND1 , and AC 
coupled to DIN+. A 0.1 u,F capacitor is connected between BYP and AGND1 . AGC pin is open. 



Gain Range 


1.0Vpp<(OUT+)-(OUT-) 
< 3.0 Vpp 


4 




80 


V/V 


AGC Input Range 


AGC output = 1 Vpp differential 


25 




250 


mVpp 


Output Offset Voltage Variation 


Over entire gain range 


-500 




+500 


mV 


Maximum Output 
Voltage Swing 


Set by BYP orVEGC pin 


3.0 






Vpp 


Differential Input Resistance 


(IN+)-(IN-) = 100mVpp 
@ 2.5 MHz 


4 


5.4 


7.5 


ka 
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AGC AMPLIFIER (Continued) 



PARAMETER 


CONDITION 


MIN 


NOM 


MAX 


UNIT 


Differential Input Capacitance 


(IN+)-(IN-) = 100mVpp 
@ 2.5 MHz 




5 


10 


PF 


Single Ended Input 
Impedance 


WG = low, IN+ or IN- 


2 


2.7 


4 


ka 


WG = high, IN+ or IN- 




160 


250 


Q 


Input Noise Voltage 


Gain set to maximum, Rs = 
Bw=15MHz 




5 


15 


nV/VHz 


Bandwidth 


-3 dB bandwidth at 
maximum gain 


12 






MHz 


OUT+ & OUT- Pin Current 


Nn HC nath tn Ar^Mm 

IMU UV/ pdlll lU AVJlINU I 


c..O 


a n 




m A 

1 1 l/A 


CMRR (Input Referred) 


(IN+) = (IN-) = 100 mVpp 
@ 5 MHz, gain set to max 


40 






dB 


PSRR (Input Referred) 


VPA1 2 = 1 00 mVDD 

W 1 W \ 1 | Wmm ~ 1 VV III » k/lta/ 

@ 5 MHz, gain set to max 


30 






dB 


(DIN+) - (DIN-) Input 
Swing vs. AGC Input 
(DIN+) - (DIN-) = (Vagc - K1) • K2 


25 mVpp<(IN+)-(IN-) 
< 250 mVpp, HOLD = high, 
0.5 Vpp < (DIN+) - (DIN-) 

<- 1 C \/nn 

K1 


0.5 


0.8 


0.95 


V 


K2 


0.54 


0.64 


0.74 


Vpp/V 


(DIN+) - (DIN-) Input Voltage 
Swing Variation 


25 mVpp<(IN+)-(IN-) 
< 250 mVpp 






5.0 


% 


AGC Voltage 


AGC open 


2.0 


2.3 


2.6 


V 


AGC Pin Input Impedance 




1.8 


2.5 


3.8 


kQ 


&lnw AC^d. nicphainA f^iirront 

WWW r\\J\y L/IOOI Idl v^C? vul 1 CI 11 


AGC pin open 


? ft 


4. 5 




ii A 


Fast AGC Discharge Current 


Starts at 0.9 us after WG 
goes low, stops at 1 .8 us 
after WG goes low 




0.12 




mA 


BYP Leakage Current 


HOLD = tow 


-0.2 




+0.2 


uA 


Slow AGC Charge Current 


(DIN+) - (DIN-) = 0.563 VDC, 
AGC pin open 


-0.11 


-0.18 


-0.25 


mA 


Fast AGC Charge Current 


(DIN+) - (DIN-) = 0.8 VDC, 
AGC pin open 


-0.9 


-1.4 


-1.9 


mA 


Fast to Slow Attack 
Switchover Point 


[( DIN + )-(DIN-)] 
[(DIN+)-(DIN-)]FlNAL 




125 




% 
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AGC AMPLIFIER (Continued) 



PARAMETER 


CONDITION 


MIN 


NOM 


MAX 


UNIT 


Gain Decay Time (Td) 


(IN+)-(IN-) = 250mVppto 
125 mVpp @ 0.6 MHz, 
(OUT+) - (OUT-) to 90% final 
value 




100 


180 


us 


(IN+) - (IN-) = 50 mVppto 
25 mVpp at 0.6 MHz 
(OUT+) - (OUT-) to 90% 
final value 


190 


300 


550 


|IS 


Gain Attack Time 


WG = high to low 
(IN+) - (IN-) = 250 mVpp 
@ 0.6 MHz, (OUT+) - (OUT-) 
to 110% final value 




8 


15 


us 


WRITE MODE (WG is high) 


PARAMETER 


CONDITION 


MIN 


NOM 


MAX 


UNIT 


Single Ended Input 
Impedance (Each Side) 


IN+ or IN- 




160 


250 


a 


HYSTERESIS COMPARATOR 

Unless otherwise specified, recommended operating conditions apply. Input (DIN+) - (DIN-) is an AC coupled, 
1 .0 Vpp, 0.6 MHz sine wave. 0.5 VDC is applied to the HYS pin. WG pin is low. 


Input Signal Range 








1.5 


Vpp 


Differential Input Resistance 


(DIN+)-(DIN-) = 100mVpp 
@ 0.6 MHz 


3 


5.5 


8 


kQ 


Differential Input Capacitance 


(DIN+)-(DIN-) = 100 mVpp 
@ 0.6 MHz 




4 


8 


PF 


Single Ended Input 
Impedance (Each Side) 


DIN+ or DIN- 


1.5 


2.75 


4 


ka 


Level Gain 


0.6 Vpp < (DIN+) - (DIN-) 
< 1 .5 Vpp, 10K between 
LEVEL and AGND 


0.80 


1.00 


1.25 


V/Vpp 


Slope of Level Gain 


Calculated from 
0.6Vpp<(DIN+)-(DIN-) 
<1.5 Vpp 


0.75 


0.87 


1.00 


V/Vpp 


Intercept of Level Gain 


DIN± = Vpp 


-0.6 


-0.4 


-0.2 


V 


Level Gain 




Slope + (Intercept/DIN) 


Level Pin Output Impedance 


Ilevel = 0.2 mA 


100 


200 


300 


Q 


Level pin Maximum 
Output Current 




1.5 






mA 
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HYSTERESIS COMPARATOR (Continued) 



PARAMETER 


CONDITIONS 

wwli 1^1 1 Iwliw 


MIN 


NOM 


MAX 


UNIT 


Hysteresis Gain 


0.3V < HYS < 1.0V 


0.30 


0.41 


0.50 


v/v 


Slope of Hysteresis Gain 


Calculated from 
0.3V < HYS < 1.0V 


0.34 


0.42 


0.46 


V/Vpp 


Intercept of Hysteresis Gain 


HYS = 0V 


-0.05 


0.00 


0.05 


V 


Hysteresis Gain 




Slope + (Intercept/HYS V) 


HYS Pin Current 


0.3 V< HYS < 1.0V 


0.0 




-5 


MA 


DOUT Pin Output Low Voltage 


5 kft from DOUT to AGND2 


VPA2 
-2.5 


VPA2 -2 


VPA2 
-1.35 


V 


DOUT Pin Output High Voltage 


5 kQ from DOUT to AGND2 


VPA2 
-2.0 


VPA2-1.6 


VPA2 
-1.1 


V 


ACTIVE DIFFERENTIATOR 

Unless otherwise specified, recommended operating conditions apply. Input (DIN+) - (DIN-) is an AC-coupled, 
1 .0 Vpp, 0.6 MHz sine wave. 100ft in series with 265 pF are tied from DIF+ to DIF-. 


Input Signal Range 








1.5 


Vp-p 


Differential Input Resistance 


(CIN+)-(CIN-) = 100 mVp-p 
@ 2.5 MHz 


8 


10 


14 


kn 


Differential Input Capacitance 


(CIN+)-(CIN-) = 100mVp-p 
@2.5 MHz 






5.0 


PF 


Common Mode Input Impedance 


Both sides 


2.0 


2.5 


3.5 


kG 


Voltage Gain From 
CIN±toDIF± 


(DIF+ to DIF-) = 2kft 




1 




V/V 


DIF+toDIF- Pin Current 


Differentiator impedance must 
be set so as to not clip the 
signal for this current level 


±0.7 






mA 


COUT Pin Output Low Voltage 


5k£2from COUT to GND 


VPA2 
-2.5 


VPA2 -2 


VPA2 
-1.35 


V 


COUT Pin Output High Voltage 


5kftfrom COUT to GND 


VPA2 
-2 


VPA2 -1.6 


VPA2 
-1.1 


V 


COUT Pin Output Pulse Width 






36 




ns 
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QUALIFIER TIMING (See Figure 8) 



Unless otherwise specified, recommended operating conditions apply. Inputs (DIN+) - (DIN-) are an AG 
coupled, 1 .0 Vpp, 0.6 MHz sine wave. 1 00Q in series with 265 pF are tied from DIF+ to DIF-. 0.5V is a pplied 
to the HYS pin. COUT and DOUT have a 5 kfl pull-down resistor (fortest purposes only.) WG pin is low. RDO 
is loaded with a 4 kfl resistor to VPD and a 10 pF capacitor to DGND. 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


Td1 D Flip-Flop Set Up 
Time 


Minimum allowable time 
delay from (DIN+) - (DIN-) 
exceeding hysteresis 
point to (DIF+) - (DIF-) 
hitting a peak value. 









ns 


Td3 Propagation Delay 






60 


110 


ns 


Td3-Td4 Pulse Pairing 








6 


ns 


Td5 Output Pulse Width 




25 


36 


55 


ns 


SYNCHRONIZER SECTION 
READ MODE 


TRVCO, VCO Output Rise Time 


0.8V to 2.0V, CL< 15 pF 






8 


ns 


TFVCO, VCO Output Fall Time 


2.0V to 0.8V, CL< 15 pF 






5 


ns 


TSRD, SRD Output Pulse Width 




(TVCO) 
-12 




(TVCO) 
+12 


ns 


TRSRD, Read Data Rise Time 


0.8V to 2.0V, CL< 15 pF 






10 


ns 


TFSRD, Read Data Fall Time 


2.0V to 0.8V, CL< 15 pF 






8 


ns 


TPSRD, SRD Output 
Setup/HoldTime 


Falling edge of VCO to 
either edge of SRD 


-15 




15 


ns 


TRD, RDT Input Pulse Width 




20 




(TVCO) 
-20 


ns 


TFRD, RDT Input Fall Time 








15 


ns 


TWVCO, VCO Output 




.26TVCO 




.74TVCO 


ns 


Pulse Width (Includes Effects of 
Window Shift) 




-10 




+10 




WINDOW SYMMETRY CONTROL CHARACTERISTICS 


TWSS WSO, WS1, WSD 
Set Up Time 




50 






ns 


TWSH WSO, WS1, WSD 
Hold Time 











ns 
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DATA SYNCHRONIZATION 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


TVCO 


VCO Center Frequency 
Period 


VLrU IN = d.fv 

TO = 83.8 (RR + 1.78), 
RR - 3k to 9k 
VPA2 = 5.0V 


A OTH 
U.O IU 




^ OTA 

1 .c. 1 U 


ns 


VCO Frequency 
Dynamic Range 


1 .0V < VCO IN < VPA2-0.6V 
VPA2 = 5.0V 


±22 




±45 


% 


KVCO 


VCO Control Gain 


coo = 2tc / TO 

1.0V < VCO IN<VPA2-0.6V 


0.16(00 




0.25(00 


rad/sV 


KD 


Phase Detector Gain 


KD = 0.538 / (RR+500) 
VPA2 = 5.0V 


0.83 KD 




1.17KD 


A/rad 


* 


KVCO x KD Product 
Accuracy 




-28 




+28 


% 


* 


VCO Phase Restart Error 






12 




ns 


Decode Window 
Centering Accuracy 




-.02 TVCO 




.02 TVCO 


ns 


Decode Window 




0.9 TVCO 






ns 


TS1 


Decode Window Time 
Shift 


TWS1 = .05 TVCO 
WSO = 0; WSI = 1 




TWS1 




ns 


TS2 


Decode Window Time 
Shift 


TWS2 = .15TVCO 
WSO = 1; WSI = 




TWS2 




ns 


TS3 


Decode Window Time 
Shift 


TWS3 = .2 TVCO 
WSO = 0; WSI = 




TWS3 




ns 


TSA 


Decode Window Time 
Shift 


TWSA=0.29TVCofl- 3260+R ) 
V 5950+R ) 

WSO=1;WSI = 1 




TWSA 




ns 


* 


Not directly testable; design characteristics 
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WG- 



.9ns 



.9pS 



Fast Disc harge Switch | 



Fast Discharge Switch 



.9ns 



(DIN+ - DIN-) 



-ff- 



Fast Slow 
Charge Charge 



I 

| Fast I Slow 
Discharge Discharge 



Figure A: AGC Attack Sequence 



Figure B: AGC Decay Sequence 



FIGURE 7: AGC Timing Diagram 



+HYSTERESIS LEVEL 

V (CIN+) - (CIN-) 

and OV 
V (DIN+)-(DIN-) 

-HYSTERESIS LEVEL 




VQOUT _J [_ 



V(DIF+-DIF-) 



DIFFERENTIATOR 
COMPARATOR OUTPUT 



v COUT 



RD TEST PT 
OUTPUT 



4- Td4 



n 




J I I L_ 

J1_J1_J1_JL 



n 



FIGURE 8: Read Mode Digital Section Timing Diagram 
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mo 

WSD 


X- 5V ,5 K 

|-«-TWSS-*|*-TWSH -*-| 




\l.5V 



FIGURE 9: Window Symmetry Control Timing 



vco 



SRD 




TRSRD TRSRD 



FIGURE 10: Read Mode Timing 





TRVCO TFVCO 






-H k- -H k- 






|<4 TWVCO ^| 






7K2.OV 2.0v\ 




vco 


.7T1.5V 1.5V 






7K0.8V 0.8V\ 






|^ TVCO 


— 



FIGURE 11: VCO Timing 
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APPLICATIONS INFORMATION 



The SSI 34P553/5531 PLL uses a new architecture 
which incorporates an accurate quarter ceil delay circuit. 
The standard architecture of a data synchronizer PLL 
is shown in Figurel 4A. In read mode, the rising edge of 
the quarter cell delay enables the phase detector, and 
the falling edge is locked to the VCO. Ideally, the 
quarter cell delay enables the phase detector one half 
of an encoded bit cell time before the phase comparison 
takes place. A data bit could then shift early or late by 
one half of an encoded bit cell time before a phase 
detector output error would occur. If the quarter cell 
delay is not exactly one half of an encoded bit cell time, 
a phase detector error will occur when the read data 
shifts by an amount that is smaller than one half of an 
encoded bit cell time when shifting in one direction and 
an amount larger than one half of an encoded bit cell 
time in the other direction. In addition, when an error 
occurs, the resulting charge pump output goes from 
maximum output one way to maximum output the other 
way. This can cause loss of lock to occur. The timing is 
shown in Figure 15. 

The SSI 34P553/5531 achieves an accurate quarter 
cell delay time by using the VCO control voltage to 
compensate the quarter cell delay one-shot circuit for 
process, temperature and power supply induced 
timing variations. The modified architecture of the SSI 
34P553/5531 data synchronizer is shown in Figure 
1 6B. Because the quarter cell delay timing is adjusted 
by the VCO control voltage, there is an effect on the 
PLL transfer function due to the new quarter cell delay 
circuit. 

The quarter cell delay circuit produces a time delay 
output in response to a voltage input. In order to include 
this function in a phase-locked loop, the time delay 
function must be converted into a phase function. This 
is straightforward, since a time delay is equivalent to a 
phase angle. The equivalent phase representation of 
the quarter cell delay is derived below. 



where: 



For the VCO: K n 



dTTo = _d_T jjl 
dV dV\/ J 



fo' 



do> 
dV 

dV 



(1a) 



dV 



a/0 _ To* dw / 1b v 
2* dV V ' 



K = VCO gain 

© = VCO center frequency (rad/s) 
/ = VCO center frequency (Hz) 
T = VCO center frequency (sec) 



-aT c 



dw 
dV 



"CcT Q K 



For the quarter cell delay, 

where: °* V T ° ^ V 

9 = Phase due to quarter cell delay circuit 
T = VCO center frequency period 
T Q = Quarter cell delay time 
a = T^ - 0.5 for the 32P548 

The gain of the quarter cell delay block is constant in 
the SSI 34P553/5531 , regardless of the values of other 
components. 

For the SSI 34P553/5531 , the nominal value of Kj is 
0.1 7k. 

PLL TRANSFER FUNCTION 

There are two modes of operation of the PLL, and two 
transfer functions. In write and idle modes, the PLL is 
locked to the reference oscillator, and the quarter cell 
delay does not enter into the transfer function. In read, 
mode, the PLL is locked to read data, and the quarter 
cell delay is included in the transfer function. In addi- 
tion, the effective loop gain of the PLL increases in idle 
mode due to the phase detector. This will be explained 
later in more detail. 

The transfer functions for read and idle modes are 
given in (3) and (4), respectively. 

(3) 

nK K d F(s) 

fr(9) = S 

^( s )^ + nK T K d F(s) + I^^!^ 




0q(s)_ 



nK K d F(s) 
S 



(4) 



r (s) ^ nK K d F(s) 
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where: 

K T = Quarter cell delay one-shot gain 
K = VCO gain 
K d = Phase detector gain 
F(s) = Loop filter transfer function 
n = Ratio of input freq. to reference freq. 

In (3) the K term in the denominator is a result of the 
quarter cell delay. Substituting K T = aK T into (3), 



nK K d F(s) 
S 



0q(s) 

^r(s)- 1+(l _ saTo) nK K d F(s) 
S 

The additional -saT term in the denominator due to 
the quarter cell delay introduces positive feedback. 
However, the gain of the positive feedback is always 
less than one, so there is no instability. The additional 
term is not always negligible, and must be taken into 
account in the loop analysis and design. 

Two loop filter configurations, shown in Figure 1 2, will 
be considered. Both filters result in a second order type 
2 loop transfer function, with only minor differences in 
the loop equation. 

The transfer function of the loop filter for a charge- 
pump PLL is the transimpedance, Vq/I. (s), where 
V (s) is the output voltage, and I. (s) is the input 
current. The transfer functions of (a) and (b) are given 
bv 

F./cw sR 1 c 1 +1 



i(s)=- 



s(Ci+C 2 ) 



sRi 



ClC 2 
C1+C2 



+1 



Fb(s) 



_ sR 1 (C 1 +C 2 )+1 
sC(sR 1 C 2 + l) 



(6) 



(7) 



For loop filter (a), C 2 is normally chosen to be much 
smaller than C 1 so that it does not affect the loop 
transfer function significantly. Assuming that C 1 » C 2 
and sR 1 C 1 « 1 at the frequencies of interest, (6) reduces 
to: 

sRiCi+1 (8) 



Fa(s)=- 




FIGURE12:Loop Filter 

For loop filter (b), C 2 is normallly chosen to be much 
smaller than C 1 so that it does not affect the loop 
transfer function significantly. Assuming that C 1 » C 2 
and that sR t C 2 « 1 at the frequencies of interest, (7) 
reduces to: 

sRjCi+1 (9) 



Fb(s)= : 



sCi 



Equations (8) and (9) are the same, and either loop 
filter may be used. Substituting (8) into (3) gives: 

(10) 

nK K d 

3q(s) _ 
0r(s) " 



C-j (1-flT nK Q KdRi) 



(SR1C1+I) 



2 

s +s 



nK K d 



1-aT nK K d R-|^ C1 J Ci(l-aT nK K d Ri 



nK K d 



This is in the form of a standard second order transfer 
fucntion. The denominator has the form: 



D(s) = s 2 + 2Co) n s + co n 2 

where: £ = damping factor 

co n = natural frequency 



(11) 



The damping factor and natural frequency of (1 0) can 
be extracted: 



Ri- 



C^I-aTonKoKdR!) 

«T 
C1 



(13) 



sCi 



1-aT nK K<jRi 
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Substituting (8) into (4) gives the transfer function for 
idle mode: 

Again, this is in the form of a second order transfer 
function. The damping factor and natural frequency are 
found to be: 

(15) 



nK K d 



C=^V nK oKdCl 



(16) 



To design the loop for proper read mode operation 
using (12) and (13), R, and C, must be found in terms 
of the damping factor and natural frequency. 



To do this, first find C/co n , then solve for R,C V 
FHC^-^+aTo 



(17) 



Substitute this value for R^ into the equation for o n 
and solve for 

(18) 

'o' 



Ci=^!» + aT nK K d f^ + aT c 



Now that C 1 is known, R 1 can be found by dividing (17) 
through by C r 



>n JCi 



(19) 



EXAMPLE 1 

Assume that the data rate is 0.6 Mbit/s, C = 0.7, a length 
of 20 2T patterns for the loop to lock is used, and 
co n t= 5.7 for error < 1%. 

n = 0.5 due to the 2T pattern. 



1 



■ = 833ns 



|q=— = g- 

/o 1.2-10 6 

®o - 2n fo - 2k < 1 2 # 1 ° 6 ) - 7 54 # 106 rad/s 
«o= 0.5 



For the SSI 34P553: RR =^^ ~ 1-79(kQ) = 8.1 7ka 
where DR = Data Rate in Mbit/s 

K = 0.17coo = 1.28.10 6 I3^ 

K d = Dt ? 6 f AA = 71 51- 1 0" 6 A / rad 
° RR+500 

K T = 0.17tt = 0.534 

Assuming a length of 20 2T patterns, then: 
t - (20) (2) (833) ns - 33.3 ps 

5.7 



©n 



= 1.71 -10 s rad/s 



33.3 ms 

q = 1565 pF + 165.6 pF = 1.73 nF 
R 1 =5.02 kQ 

The resulting loop filter is shown in Figure 13. 





1 




Ci J. 






1.73 nF 




c 2 


Rl { 




173 pF 


5.02 kn < 













FIGURE 13 

The value of C 2 = C-,/10 is chosen to damp out 
transients on the FILT pin and meet the requirement 
C2 « C1 . 

When the loop locks to the reference oscillator in idle 
mode, the loop transfer function is given by ( 1 4) , and co n 
and C are given by (15) and (16). R-, and from 
Example 1 can be substituted into these equations to 
find the resulting natural frequency and damping factor 
in idle mode. 
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FIGURE 14A: Standard Configuration of a Data Synchronizer Phase-Locked Loop 



PHASE DETECTOR 



LOOP 
FILTER 
F(s) 



vco 

Ko 
S 



FIGURE 14B: Phase-Lock Loop System Representation 



n 



n 



n 



n 



n 



n 



FIGURE 15A: Phase Detector Timing with Ideal Quarter Cell Delay. For an ideal pulse (1 ), there is no phase 
detector output. When a pulse is shifted late (2) or early (4) by less than the quarter cell delay time, the phase 
detector output is negative or positive, respectively. When the read data is shifted late (3) or early (5) by more than 
the quarter cell delay time, a phase detector output polarity error occurs. In this case, the output polarity becomes 
positive for a late shifted pulse and negative for an early shifted pulse. 
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n 



QUARTER CELL 
DELAY OUTPUT 



PHASE DET. 
ENABLE 



. T 1 ' T 2 



CASE 1 : DELAY OUTPUT IS EXACTLY 
y 4 BIT CELL. T 1 . T 2 



n 



CASE 2: DELAY OUTPUT IS GREATER THAN 
J/J BIT CELL TIME. T, < T 2 



[~L_ 

n_ 

n 

i i l_t 



CASE 3: DELAY OUTPUT IS LESS THAN 
y A BIT CELL TIME. ^ > T 2 



FIGURE 15B: Timing of Phase Detector Enable Logic. The read data input pulse can shift to the left by T1 and 
to the right by 12 before an error occurs in the phase detector output polarity, If the quarter cell delay output is not 
exactly 1/4 bit cell wide, then T1 * T2, as shown in cases 2 and 3. 



READ DATA- 



REFOSC 



MODE 
CONTROL 



DELAY 
CONTROL 



X CELL 
DELAY 



MUX 
SEL 



J 



LOOP 
FILTER 

□ 



EN 










PHASE 








vco 


DET. 


w 



FIGURE 16A: Modified Data Synchronizer Phase-Locked-Loop with Quarter Cell Delay Control 




Quarter Cell 
Delay 



FIGURE 16B: Modified Data Synchronizer System Representation 
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PACKAGE PIN DESIGNATIONS 

(Top View) 



THERMAL CHARACTERISTICS: 9ja 



52-Lead QFP 



75° CAW 



± i ± > 
8 § i a 



N/C [ 
VEGC [ 
EGG [ 3 
N/C [ 4 
TRKAA [ 5 
AGND2 [ 6 
N/C [ 7 
N/C [ 8 
N/C [ 9 
N/C [ 10 
PDWN1 [ 11 
WG [ 12 
N/C [ 13 



52 51 50 49 48 47 46 45 44 43 42 41 40 

o 



34P553 



14 15 16 17 18 19 20 21 



(3 Q 



22 23 24 25 26 

cj xir o~- nr-cr- 



39 ] DIF+ 
38 ] DIF- 
37 ] VPA1 
36 ] DOUT 
35 ] COUT 
34 ] VPA2 
33 ]RDT 
32 ] N/C 



] REF CLK 
i ] DGND 
' ] VPD 
; ] FLTR 

] IREF 



+ _L O O 3 2 
Z Z < < o O 

i i — i i — t i — t i — i i — ii — i i — i 



i > 



/ .. ii 

/ 52 51 50 49 48 47 46 45 44 43 42 41 40 

ROlff [ 1 Q 

VEGC [ 2 

EGC [ 3 

N/C [ 4 
TRKAA [ 5 
AGND2 [ 6 

N/C [ 7 

N/C [ 8 

N/C [ 9 

N/C [ 10 
PDWN1 [ 11 

WG [ 12 

N/C [ 13 2 
1 14 15 16 17 18 19 20 21 22 23 24 25 26 

—■■■■nr o o 



34P5531 



u □ u 

8 z 



39 


] DIF+ 


38 


] DIF- 


37 


] VPA1 


36 


] DOUT 


35 


] COUT 


34 


] VPA2 


33 


] RDT 


32 


] N/C 


31 


] REF CLK 


30 


] DGND 


29 


] VPD 


28 


] FLTR 


27 


] IREF 







1 1 



52-Lead QFP 



52-Lead QFP 



ORDERING INFORMATION 



PART DESCRIPTION 


ORDERING NUMBER 


PACKAGE MARK 


SSI 32P553 Pulse Detector & Data Synchronizer 


52-Lead QFP 


32P553-CG 


32P553-CG 


SSI 32P5531 Pulse Detector & Data Synchronizer 


52-Lead QFP 


32P5531-CG 


32P5531-CG 
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DESCRIPTION 

The SSI 34P3200 is a high performance pulse detector 
and data synchronizer integrated circuit. This device is 
designed for use in high density floppy storage 
applications conforming to the J El DA standard. The 
pulse detection portion of this device detects and 
validates amplitude peaks in the output from a disk 
drive read amplifier. The data synchronization portion 
is a 2,7 RLL or MFM data synchronizer with window 
shift and write pre-compensation capability. The SSI 
34P3200 supports a sleep mode for minimal power 
dissipation in non-operational periods. 

The SSI 34P3200 features a 3-pin serial port for easy 
selection of data rate and operating configurations 

The SSI 34P3200 is available in a 52-lead QFP 
package. 



Advance Information 



January 1993 

FEATURES 

• Highly Integrated Pulse Detector & Data 
Synchronizer 

• Ideal for High Density Floppy Storage 
Application in JEIDA Standard 

• Operating Data Rate: 250K/500K/1M/2M/3M/ 
4.5M/6M NRZ bits per second 

• Supports 2,7 RLL or MFM Encoding Format 

• 3-Pin Serial Port Programming: Data Rate 
Selection, Window Symmetry Control & Test 
Mode 

• Fast Acquisition Phase Lock Loop & Zero 
Phase Restart Technique 

• 5V Operation only 

• Low Operating Power 

• 5 mW Sleep Mode 



BLOCK DIAGRAM 
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FUNCTIONAL DESCRIPTION 

The SSI 34P3200 is a pulse detector and data 
synchronizer circuit. Its three main functions are: 

• Validate and time-position preserve the analog 
pulses (VIN+) from a read-write pre-amplifier. 

Extract the encoded data bit and its corresponding 
clock signal. 

Provide write precompensation function for write 
data signal. 

The SSI 34P3200 major functional blocks are: 

• AGC amplifier & AGC control 
Pulse qualifier 

Data synchronizer 

• Window shift 

• Write precompensation 

• Serial port decode & registers 
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AGC AMPLIFIER & AGC CONTROL 

The AGC amplifier provides signal amplification prior 
to pulse qualification. The amplifier gain is a linear 
function of a gain control voltage, Figure 1 . The g ain 
control voltage is either the BYP vo ltage when EGC = 1 , 
or the VEGC voltage when EGC = 0. 

In the normal read mode, i.e., with the AGC active, the 
DIN+ input signal is regulated to a nominal level which 
is set by the voltage at the AGC pin. With the AGC pin 
open, the nominal DIN± level is 1 Vppd (peak-to-peak 
differential). This nominal DIN+ level can be adjusted 
with an external resistor tied from the AGC pin to either 
VPA1 or AGND1, as shown in Figure 2. 

The AGC actions are current charging and discharging 
the external BYP integrating capacitor. They are 
described as follows: 

Slow Decay 

When the instantaneous DIN± signal is below the 
nominal level, a slow decay current, 4.5 jllA, discharges 
the BYP capacitor. The AGC amplifiergain is increased 
slowly. 

Slow Attack 

When the instantaneous DIN± signal exceeds the 
nominal level but is below 1 25% of the nominal level, a 
slow attack current, 0.1 8 mA, charges the BYP capacitor. 
The AGC amplifier gain is decreased. 



FIGURE 1: AGC Amplifier Gain 
vs BYP/VEGC Voltage 
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FIGURE 2: AGC Loop Reference Adjustment 
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Fast Attack 

When the instantaneous DIN± signal exceeds 1 25% of 
the nominal level, the device enters a fast attack mode. 
A fast attack current, 1 .3 mA, charges the BYP capacitor. 
The AGC amplifier gain is quickly towered. 

Wrlte-to-Read Recovery 

With a 1-to-0 transition of the WG, the SSI 34P3200 
enters the write-to-read recovery mode. The input 
impedance remains in low impedance state for 0.9 us 
for fast input DC coupling recovery. Then, the device 
restores to high input impedance state, and enters into 
a fast decay mode for 0.9 us. In the fast decay mode, 
a continuous 0.12 mA current discharges the BYP 
capacitor. The AGC amplifier gain is increased very 
quickly. (Otherwise only the slow decay mode is 
available to increase the AGC amplifier gain.) Figure 3 



shows the write-to-read AGC action timing. 

The following AGC actions, except tha t of write -to-read 
recovery, can be suspended with the HOLD = 0. The 
AGC amplifier gain is then held constant, except for 
leakage effect. 

With EGC = , the AGC amplifier gain is determined by 
the VEGC voltage. With af ixed external DC voltage, or 
a second AGC control loop at the VEGC pin, the AGC 
amplifier gain is set independent of the on-chip AGC 
control loop, such as when read signal is over a servo 
demodulation field. 

The AGC amplifier outputs are emitter follower outputs. 
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FIGURE 3: AGC Action Timing in Write-to-Read Recovery 
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FUNCTIONAL DESCRIPTION (continued) 
PULSE QUALIFIER 

The pulse qualifier validates each DIN± peak by a 
combination of level qualification and time qualification. 
In level qualification, a hysteresis comparator eliminates 
errors due to low level additive noise. In time 
qualification, the AGC amplifier output is time 
differentiated to locate the signal peaks in time. 

Level Qualification 

The level qualification is accomplished by comparing 
the DIN± signal with a setthreshold. The SSI 34P3200 
allows two ways of setting the thresholds: fixed 
threshold or DIN± tracking threshold. Fixed threshold 
can be simply set by a DC voltage at the HYS pin, such 
as a resistor fromVPAl to ground. The threshold at the 
comparator can be computed as: 

Hysteresis Gain x V@HYS. 

For high performance system application, however, 
DIN± tracking threshold is recommended. 

DIN± tracking threshold has the advantage of shorter 
write-to-read recovery time and lower probability of 
error with input amplitude drop out. The threshold is 
designed as a percentage of the DIN± peak voltage. 
This technique can be implemented by feeding the 
LEVEL output, through a resistor divider, to the HYS 
pin. The LEVEL output, amplified peak capture of DIN+ 
signal, can be computed as: Level Gain x DIN± ppd. 
With the resistor divider, a fraction of the LEVEL output 
is presented at the HYS pin. The threshold, as a 
function of DIN±, can be summarized as: Level Gain 
x Resistor Dividing Ratio x Hysteresis Gain x DIN± 
ppd. For a typical case of 1 Vppd DIN± signal, assume 
equal value resistors in the divider network, the 
threshold is 1 x 0.5 x 0.36 x 1 =0.1 8V. This represents 
36% threshold on a 1 Vppd signal. While both the Level 
Gain and the Hysteresis Gain bear a moderatetolerance 
due to typical process variation, they inversely track 
each other to yield a much tighter threshold accuracy 
in a closed loop. 

While the external resistor divider ratio determines the 
qualification setting, the total resistance and the peak 
capture capacitor should be optimized for the system 
data rate. The RC time constant must be small enough 
to allow good response to changing DIN± peak, but 
large enough to provide a constant threshold after a 
long duration of input absence. 



Time Qualification 

Time qualification is to locate DIN+ peaks. With time 
differentiation, each DIN± peak is translated into a zero 
crossing, which clocks a on-chip flip-flop in the pulse 
qualifier. The SSI 34P3200 supports on-chip or off -chip 
differentiation. 

On-Chip Differentiation 

The on-chip differentiation is accomplished by 
connecting an external RLC network across the DIF± 
pins. The DIN+ and CIN+ pins should be tied together, 
as well as the DIN- and CIN- pins. The differentiator 
transfer function from the CIN± input to the flip-flop 
clock input is given as: 

Av _ TBDCs 
V LCs 2 + C(R+TBD)s+1 

where R, L and C are external passive components 
TBD pF < C < TBD pF 

S = jo) = j 27Uf 

Off-Chip Differentiation 

For constant density recording applications, a 
differentiation function with a low pass bandwidth 
tracking data rate can maximize the signal-to-noise 
ratio performance. A time differentiated input can be 
applied at the CIN± pins, separated from the DIN±pins. 

This function can best be supported by the Silicon 
Systems programmable filters, such as the SSI 
32F8030, F8130/8131 .The filters feature both a normal 
low pass output and a differentiated low pass output. 
The tow pass bandwidth is programmable by the user 
to track the data rate. The signal delays of the two 
signal paths are well matched. 

Qualified Read Data 

Upon level and time qualification, a one-shot data 
pulse is generated for every validated peak of the DIN± 
signa l. This read data pulse can be monitored at the 
RDO pin, when OEN = Logic 1 . In high s peed normal 
read mode, it is recommended that the RDO output 
be disabled for lower noise performance with OEN = 
Logic 0. The pulse detector read data can be used as 
input to the data synchronizer. Alternately, external 
input at the RDI pin can be used as input to the data 
synchronizer. 

Figure 4 summarizes the pulse detector function. 
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FIGURE 4: Read Mode Pulse Detector Timing 



DATA SYNCHRONIZER 

The data synchronizer is used to extract the clock and 
the encoded data signals from the read data signal. 
The input source to the data synchronizer can be from 
the pulse qualifier or from an external source via the 
RDI pin. 

The SSI 34P3200 is designed to perform data 
synchronization for the following operating data rates, 
which are selected through a serial port register RO: 



Rate 


NRZ Data Rate 


Encoding Format 


1 


6 Mbit/s 


2,7 RLL 


2 


4.5 Mbit/s 


2,7 RLL 


3 


3 Mbit/s 


2,7 RLL 


4 


2 Mbit/s 


MFM 


5 


1 Mbit/s 


MFM 


6 


500 Kbit/s 


MFM 


7 


250 Kbit/s 


MFM 



For both the 2,7 RLL and MFM encoding formats, the 
encoded bit rate, as well as the data synchronizer 
clock, is at twice the NRZ data rate. Thus, the required 
data synchronizer clock rate is from 500 KHz to 12 
MHz. 

To accommodate the wide data rate dynamic range, 
the SSI 34P3200 employs a novel data synchronizer 
phase locked loop (PLL) architecture (see block 
diagram) . While the voltage controlled oscillator (VCO) 
operates only between 6 MHz to 12 MHz, a divide- 
down function is used to generate the lower frequency 
clock. For Rates 1 -3, the VCO operates at 1 2 MHz, 9 
MHz and 6 MHz, respectively. For Rates 4-7, the VCO 
operates at 8 MHz and the divide-down factor, N, is 
from 2 to 16. 
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FUNCTIONAL DESCRIPTION (continued) 
DATA SYNCHRONIZER (continued) 

With the serial register RO programmed for a specific 
data rate, the SSI 34P3200 would properly decode the 
proper VCO frequency and the divide-down factor. 
Furthermore, the 1/4 cell delay duration, i.e., one half 
of the encoded bit period, is also set properly for each 
operating mode. 

When the SSI 34P3200 is in the idle mode, the VCO 
should lock to an external reference clock, FREF. For 
Rates 1-3, the FREF should be 12 MHz, 9 MHz and 6 
MHz, respectively. For Rates 4-7, the FREF should be 
8 MHz. 

The SSI 34P3200 employs a dual mode phase detector: 
harmonic in the read mode and non-harmonic in the 
write and idle modes. In the read mode, the harmonic 
phase detector updates the PLL with each occurrence 
of a read data pulse from the pulse qualifier. I n the write 
and idle modes, the non-harmonic phase detector is 



continuously enabled, thus maintaining both phase 
and frequency lock. Figure 5 shows the phase detector 
transferf unction. By acquiring both phase andf requency 
lock to the FREF and utilizing a zero phase restart 
technique, false lock to the pulse detector read data is 
eliminated. 

The phase detector incorporates a charge pump in 
order to drive the loop filter directly. The polarity and 
width of the output current pulses correspond to the 
direction and magnitude of the phase error. 

Because of the wide data rate dynamic range, the SSI 
34P3200 provides four high impedance/low impedance 
switchable nodes, FL1-4, for external loop filter 
component switching. When the node is in high 
impedance state, the external component connected 
to this node is switched out. When the node is in low 
impedance state, the external component is included 
in the loop filter network. 

The various operating modes of the data synchronizer 
are discussed in the following section. 



Average 
Output Current 




Phase 
Error 



(a) Harmonic Mode 



Output Current 



-Jo 




Phase 
Error 



-Jo 



(b) Non-Harmonic Mode 



Note 1 ) lo is the magnitude of the charge pump current 

2) Phase error is relative to the *N counter output period 



FIGURE 5: Phase Detector Transfer Function 
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FIGURE 6: Decode Window & Window Shift Directions 



WINDOW SHIFT 

To enhance the data decode function, the SSI 34P3200 
supports a window shift function for the highest three 
data rate operations. Shifting the symmetry of the VCO 
clock effectively shifts the relative position of the DLYD 
DATA pulse within the decode window. This powerful 
capability, supported through serial register R1 , easily 
facilitates defect mappings, automatic calibration, 
window margin testing, error recovery, and systematic 
error cancellation. 

The window shift can be set to ±10%, ±15% or ±20% 
of the decode window. Figure 6 defines the direction 
of the window shift. Refer to the Serial Port Decode & 
Registers section for serial port register assignment. 

WRITE PRECOMPENSATION 

Write precompensation circuitry is provided to 
compensate for media bit shift caused by intersymbol 
interference. The magnitude of the time shift, TC, is 
determined by an external resistor on the WCS pin, 
with Rp from WCS to VPA2. TC is given as: 

TC = 16 x 10" 3 R 



SERIAL PORT DECODE & REGISTERS 

The SSI 34P3200 provides a 3-pin serial port to facilitate 
the following digital controls: 

• Data rate (Register 0: Bits 2-0) 

• Window shift (Register 1: Bits 3-0) 

• Write pre-comp (Register 2: Bit 0) 

• Data synchronizer input source (Register 2: Bit 2) 

The 3 serial port pins are SDEN, SDI and SCLK. Figure 
7 shows a timing diagram of the serial data transmission. 
Each data transmission consists of a 8-bit packet. Bit 
7 being the most significant bit (MSB) . The 8-bit packet 
is divided into two fields: Bit7-4 address field, Bit 3-0 
data field. These registers are reset to Q when the 
power-on function is used. 
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FUNCTIONAL DESCRIPTION (continued) 
SERIAL PORT DECODE & REGISTERS (continued) 
The register assignment is as follows: 



Register Address 0000 


Bit 3 


Not used 


Bit 2-0 


NRZ Data Rate 


VCOFrequency 


Divide Down 


FLO 


FL1 


FL2 


FL3 


FL4 


000 


6 Mbit/s 


12 MHz 


1 


LowZ 


Hi-Z 


Hi-Z 


Hi-Z 


Hi-Z 


001 


4.5 Mbit/s 


9 MHz 


1 


LowZ 


Hi-Z 


Hi-Z 


Hi-Z 


Hi-Z 


010 


3 Mbit/s 


6 MHz 


1 


LowZ 


Hi-Z 


Hi-Z 


Hi-Z 


Hi-Z 


011 


2 Mbit/s 


8 MHz 


2 


Hi-Z 


LowZ 


Hi-Z 


Hi-Z 


Hi-Z 


100 


1 Mbit/s 


8 MHz 


4 


Hi-Z 


LowZ 


LowZ 


Hi-Z 


Hi-Z 


101 


500 Kbit/s 


8 MHz 


8 


Hi-Z 


LowZ 


LowZ 


LowZ 


Hi-Z 


110 


250 Kbit/s 


8 MHz 


16 


Hi-Z 


LowZ 


LowZ 


LowZ 


LowZ 


Register 1 Address 0001 

The window shift function is available for the 6 Mbit/s, 4.5 Mbit/s and 3 Mbit/s data rates. 


Bit 3 


Window shift Enable 





Disabled 


1 


Enabled 


Bit 2 


Window shift direction 





Early 


1 


Late 


Bits 1-0 


Window shift magnitude 


00 


20 % of RRC period 


01 


15% 


10 


10% 


11 


% 
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Register 2 Address 001 



Bits 3, 1 


Not used 


Bit 2 


Data Synchronizer Input Source 





From internal pulse qualifier output 


1 


From the RDI pin 


BitO 


Write Pass Through 


1 


Write synchronizer is a simple buffer 





Write synchronizer & pre-comp is active 



clocks data bit i TC [ 
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SCLK 
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SDEN Setup SDEN Hold i bad data 

SDEN I I 

— , j . SDIHold l — 
SDI Setup ^ , ^ wrt SCLK falls 

wrt SCLK falls; 1 j 

SDI j ( D7 j^"P6 D5"| 04 )( 03 )( 01 X P ° ) T 



FIGURE 7: Serial Port Timing 
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OPERATION MODES 



The SSI 32P3200 can support the following operating modes: 



Mode 


WG 


RG 


HOLD 


EGC SLEEP 


Idle 

VCO locked to FREF 
AGC active 


o 





1 


1 1 


Idle 

VCO locked to FREF 

AGC gain held constant by BYP 


n 


n 


n 


1 1 


Idle 

VCO locked to FREF 

AGC gain held constant by VEGC 


o 


o 


x 


1 


Read 

VCO lonkpri tr> PnkP Oimlifipr ni YD nATA 

V vw NJVsf\t7U l\J I UlOO WU dill Id L/i— T U \Jr\\ r\ 

AGC active 





1 


1 


1 1 


Read 

VCO locked to Pulse Qualifier DLYD DATA 
AGC ha in hp Id mn«stant hv RYP 





1 





1 1 


Read 

VCO locked to Pulse Qualifier DLYD DATA 
AGC gain held constant by VEGC 





1 


X 


1 


Write 

AGC gain held constant by BYP 
Input impedance lowered 
VCO locked to FREF 


1 


X 


X 


1 1 


Write 

AGC gain held constant by VEGC 
Input impedance lowered 
VCO locked to FREF 


1 


X 


X 


1 


Power Shutdown 


X 


X 


X 


X 
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READ MODE 

In the Read mode, the rising edge of DLYD DATA 
enables the phase detector while the falling edge is 
phase compared to the rising edge of the -s-N counter. 
As depicted in Figure 8, DLYD DATA is 1/4 cell wide 
(TVCO / 2 / N) pulse whose leading edge is defined by 
the leading edge of Read Data. R RC is generated from 
the rising edge of the -f-N counter output. The accuracy 
of the 1 14 cell delay only affects the retrace angle of the 
phase detector and does not influence the accuracy of 
RRC. 

In the non-Read modes, the PLL is locked to FREF. 
This forces the VCO to run at a frequency which is very 



close to that required for tracking actual data and thus 
minimizes the associated frequency step during 
acquisition. When RG transitions, the VCO is stopped 
momentarily, then restarted in an accurate phase 
alignment with the next PLL reference input pulse. By 
minimizing the phase alignment in this manner (phase 
error < 0.5 rads), the acquisition time is substantially 
reduced. 

With the PLL in lock, the encoded data bit is re- 
synchronized before output to the SRD pin. Figure 9 
shows the Read mode timing. 



Encoded 
Data 



W\ 



|o|o|o|o|o|i|o|o|o|o|o|i|o|o|oj o| 



DLYD DATA 



+N Counter 
Output 



Phase Detector 
Enable 




FIGURE 8: Data Sychronizer Timing 




FIGURE 9: Read Mode Timing 
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OPERATION MODES (continued) 
WRITE MODE 

In the Write mode, the SSI 34P3200 pulse detector is 
disabled and preset for the subsequent Read mode. 
The digital circuitry is disabled, the input AGO amplifier 
gain is held at its previous value and the AGC amplifier 
input impedance is reduced. 

Holding the AGC amplifier gain and reducing input 
Impedance shortens system write-to-read recovery 
times. 

The lowered input impedance improves settling time 
by reducing the time constant of the network between 
the SSI 34P3200 and a head preamplifier such as the 
SSI 32R1200R. Write-to-read timing is controlled to 
maintain the reduced impedance for TBD us before the 
AGC circuitry is activated. Coupling capacitors should 



be chosen with as low a value as possible consistent 
with adequate bandwidth to allow more rapid settling. 

Write Data Input can be re-synchronized to the Read 
Reference Clock before feeding to a write driver. Figure 
10 shows the Write mode timing. 

By a serial register bit control, the SSI 34P3200 can be 
placed in the write pass through mode. The synchronizer 
and the pre-comp function are disabled and act as a 
buffer only. 

POWER SHUTDOWN 

For reduced power dissipation during non-operational 
periods, the SSI 34P3200 can be switched into a Sleep 
mode. The serial port registers must be reprogrammed 
immediately following 0-to-1 SLEEP transition. 
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FIGURE 10: Write Mode Timing 
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PIN DESCRIPTION 
ANALOG INPUT PINS 



NAME 


TYPE 


DESCRIPTION 


IN+, IN- 




AGC amplifier inputs. 


DIN+, DIN- 




Data inputs to hysteresis comparator and full-wave rectifier. 


CIN+, CIN- 




Data inputs to time-channel qualification. 


HYS 




Hysteresis input to establish the hysteresis threshold of the data comparator. 


AGC 




The voltage at the AGC pin determines the nominal level at the DIN± pins. 


BYP 




The voltage at the BYP pin controls the AGC amplifier gain when EGC = 1. 


VEGC 




The voltage at the VEGC pin controls the AGC amplifier gain when EGC = 0. 


DIGITAL INPUT PINS: 


FREF 




TTL reference clock input to data synchronizer. 


OEN 




TTL RDO Output Enable input: RDO enabled with OEN=1 , RDO forced to 
with OEN=0. 


RDI 




TTL external input source to the data synchronizer. 


RG 




TTL Read Gate input. 


WG 




TTL Write Gate input. 


WDI 




TTL Write Data Input. 


EARLY 




TTL write precompensation control input to shift write data pulse early. 


LATE 




TTL write precompensation control input to shift write data pulse late. 


SLEEP 




TTL power shutdown control. The device is in power shutdown mode when 
SLEEP = 0. The device is in normal operational state when SLEEP = 1 , or left 
open. 


HOLD 




TTL input that holds the AGC gain constant when pulled to 0. 
When left open, this input is at logic 1 . 


EGC 




TTL input. When EGC = 0, the AGC amplifier gain is controlled by the voltage 
at VEGC. When EGC = 1 , or left open, the AGC amplifier gain is controlled by 
the voltage at BYP. 


SDI 




TTL Serial Data Input. 


SCLK 




TTL Serial Clock. 


SDEN 




TTL Serial Data Enable. 
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PIN DESCRIPTION (continued) 



ANALOG OUTPUT PINS: 



NAME 


TYPE 


DESCRIPTION 


OUT+, OUT- 





AGC amplifier emitter follower output pins. 


LEVEL 





Open emitter output from fullwave rectifier that may be used for input to the 
HYS pin. 


FLO-4 





Loop filter connection pins. Either high impedance or low impedance state. 


ANALOG CONTROL PINS: 


DIF+, DIF- 




Pins for external differentiating network. When off-chip differentiator is used, 
a TBD£2 resistor should be tied across DIF+ and DIF-. 


IREF 




Input reference current for VCO bias. A 7.5 kQ. resistor should be tied between 
IREF and VPA2. 


FLTR 




Loop filter pin. 


WCS 




Write precomp set: used to set the magnitude of the write pre-compensation 
time via an external capacitor Cp to VPA2 and an external resistor, Rp to 
AGND2. 



DIGITAL OUTPUT PINS: 



RDO 





TTL output of the pulse detector read data. This output is enabled with OEN=1 . 
It is forced to with OEN=0. 


RRC 





Read Reference Clock: a multiplexed TTL clock source used by the controller. 
In the read mode, this clock is the encoded bit rate. In the write mode, it is the 
FR EF divided down by the N factor. No short clock pulses are generated during 
a mode change. 


SRD 





Synchronized Read Data: a TTL read data that has been re-synchronized to 
read clock. 


WDO 





Write Data Output: a TTL output. 


COUT 





Time qualification one-shot test point: open emitter output which requires an 
external pull down resistor when used. 


DOUT 





Data comparator test point: open emitter output which requires an external pull 
down resistor when used. 


DRD 





Delay Read Data test point : open emitter output which requires an external pull 
down resistor when used. 


VCOCLK 





VCO test point: open emitter output which requires an external pull down 
resistor when used. 
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POWER & GROUND 



NAME 


TYPE 


DESCRIPTION 


VPA1 




Analog supply to the pulse detector section. 


VPA2 




Analog supply to the data synchronizer section. 


VPD 




Digital supply. 


AGND1 




Analog ground to the pulse detector section. 


AGND2 




Analog ground to the data synchronizer section. 


DGND 




Digital ground. 



ELECTRICAL SPECIFICATIONS 

Unless otherwise specified, the recommended operating conditions apply. 
ABSOLUTE MAXIMUM RATINGS 

Operation beyond the maximum ratings may damage the device. 



PARAMETER 


RATING 


Storage Temperature 


-65 to +150°C 


Junction Operating Temperature 


+130°C 


Supply Voltage, VPA1-2, VPD 


-0.7 to +7V 


Voltage Applied to Inputs 


-0.3 to Supply + 0.3V 


RECOMMENDED OPERATING CONDITIONS 


Supply Voltage 


4.5V < VPA1 , VPA2, VPD < 5.5V 


Ambient Temperature, Ta 


0°C < Ta < 70 °C 



POWER SUPPLY 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


Power Dissipation Active PD 


Outputs unloaded 

4.5V < VPA1 , VPA2, VPD < 5.5V 




500 


800 


mW 


Power Down Dissipation PDS 


Output unloaded; SLEEP- = 




3.5 


7 


mW 
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ELECTRICAL SPECIFICATIONS (continued) 



LOGIC SIGNALS 


PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


TTL Input Low Voltage VIL 




-0.3 




0.8 


V 


TTL Input High Voltage VIH 




2 




VCC + 0.3 


V 


TTL Input Low Current IIL 


VIL = 0.4V 






-0.4 


mA 


TTL Input High Current IIH 


VIH = 2.7V 






0.1 


mA 


TTL Input Switching Time TS 


0.8V - 2.0V transition 






0.1 


MS 


TTL Output Low Voltage VOL 


IOL = 4.0 mA 






0.5 


V 


TTL Output High Voltage VOH 


IOH = -400 mA 


2.7 






V 


Test Point Output High Voltage VOHT 


261 Q to VPD, 420G to DGND 




VPA-2.4 




V 


Test Point Output Low Voltage VOLT 


261 a to VPD, 420Q to DGND 




VPA-2.8 






MODE CONTROL 


Read-to-Write Transition TDRW 


WG pin 0-to-1 






1 


MS 


Write-to-Read Transition TDWR 


WGpin1-to-0; 

AGO settling not included 


0.5 


0.9 


1.3 


MS 


HOLD- On to Off/Off to TDH 
On Transition 


HOLD- pin 1 to/from transition 






1 


MS 


Power shutdown mode TDSL 
to Read/Write Delay 


Settling time of external 
capacitor not included 




0.1 




MS 


Read/Write Mode TDOFF 
to power shutdown Delay 


Settling time of external 
capacitor not included 




10 




MS 


Low Input PWIMS 
Impedance Pulse Width 


WG pin 1 -to-0. Not directly testable 




0.9 




MS 


Fast Discharge PWFDC 
Pulse Width 


WG pin 1-to-0 following PWIMS. 
Not directly testable 




0.9 




MS 
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AGC AMPLIFIER 

Unless otherwise specified, recommended operating conditions apply. Input signals, 1 00 mVppd at 1 .0 MHz, 
are AC coupled to IN±. OUT± are AC coupled to DIN±. 



A 2000 pF capacitor is connected between BYP and AGND1 . AGC pin is open. 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


Minimum Gain Range 


MIGR 


1 .OVppd < OUT± < 3.0Vppd 






4 


v/v 


Maximum Gain Range 


MAGR 




80 






v/v 


Output Offset 
Voltage Variation 


VOS 


Over entire gain range 


-200 





200 


mV 


Maximum Output 
Voltage Swing 


VOMX 


Set by BYP pin 


3 






Vppd 


Differential Input Impedance RIN 


IN± = 100 mVppd@1.0 MHz 




5 




ka 


Differential Input Impedance CIN 


IN± = 100 mVppd @ 1 .0 MHz 






10 


PF 


Single Ended 


ZCMH 


WG = IN+ = IN- 




1.5 




k£2 


Input Impedance 




WG = 1 IN+ = IN- 






250 


Q 


Input Noise Voltage 


VIN 


Gain set to maximum, 
BW=15MHz, short IN+tolN- 






40 


nV/VHz 


Bandwidth 


BW 


Gain set to maximum 
referenced to 1 .0 MHz 


15 






MHz 


Single Ended Output 
Impedance on OUT± 


ROUT 








100 


Q 


Input Referred 
Common Mode Rejection 


CMRR 


!N+ = IN- = 100 mVpp 

(2) 1 MHz aain <5et to maximum 

\gy 1 • V/ IV II l£- UUII 1 wvl lv 1 1 IQA II I 114 1 1 1 


40 






dB 


Input Referred Power 
Supply Rejection 


PSRR 


1 itiVdd (a) 1 MHz on VPA1 
gain set to maximum 


30 






dB 


DIN± Input Swing 
vs AGC Input 


KAGC 


OK m\/nnH < IN+ < P^n m\/nnH • 

HOLD- = 1Vppd/V 

0.5 Vppd <DIN±< 1.5 Vppd 


n 7 


■j 


1 .3 


Vppd/V 


DIN± Input Swing 
Variation with IN± 


ADIN 


25 mVppd < IN± < 250 mVppd 






6 


% 


AGC Open Voltage 


VAGC 


AGC open 


0.8 


1 


1.2 


V 


AGC Pin Input Impedance 


RAGC 




2.5 


3.8 


6.0 


kQ 


Slow AGC Discharge Current ISD 


DIN± = 0V 


4 


4.5 


6 


ma 


Fast AGC Discharge Current 


IFD 


Starts at 0.9 us after WG 1-to-0 transition 
Stops at 1.8 us after WG 1-to-0 transition 


0.08 


0.12 


0.16 


mA 


AGC Leakage Current 


ILK 


HOLD- = 


-0.2 





0.2 


uA 


Slow AGC Charge Current ISC 


DIN± = 0.8 VDC 

vary AGC until slow charge begins 


-0.12 


-0.18 


-0.24 


mA 


Fast AGC Charge Currenl 


t IFC 


DIN± = 0.8 VDC 
V@ AGC = 3.0V 


-0.9 


-1.3 


-1.7 


mA 
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ELECTRICAL SPECIFICATIONS (continued) 



AGC AMPLIFIER (continued) 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


Fast to Slow Attack 
Switchover Point 


FSSP 


DIN±(fast) / DIN±(slow) 




125 




% 


Gain Decay Time 


TGD 


IN± = 250 mVppd to 125 mVppd @ 1 .0MHz 
OUT± to 90% final value 




12 




MS 






IN± = 50 m Vppd to 25 mVppd @ 1 .0 MHz 
OUT± to 90% final value 




60 




US 


Gain Attack Time 


TGA 


WG = 1 to 

IN± = 250 mVppd @ 1 .0 MHz 
OUT± to 110% final value 




2 




MS 



HYSTERESIS COMPARATOR 



Unless otherwise specified, recommended operating conditions apply. Input DIN± is AC coupled, 1 .0 Vppd 
@ 1 .0 MHz sinewave. 0.5 VDC is applied to the HYS pin. WG = 



Input Signal Range 


IRHC 








1.5 


Vppd 


Differential Input Resistance RHCD 


DIN± = 100 mVppd @ < 2.0 MHz 


15 


20 


25 


kQ 


Differential Input Capacitance 


CHCD 


DIN± = 100 mVppd @ 2.0 MHz 






5 


PF 


Single Ended Input Impedance RHCC 


DIN+ = DIN- 


4 


5 


6 


kQ 


Level Gain from 
DIN± to LEVEL 


KLD 


0.6 Vppd <DIN±< 1.5 Vppd 
10 kQ from LEVEL to AGND1 


0.75 


1 


1.25 


V/Vppd 


Level Pin Output 
Offset Voltage 


VLOS 


DIN± = 0Vppd;10kQ 
from LEVEL to AGND1 




100 




mV 


Level Pin Output Impedance 


ZLV 


I @ LEVEL = -0.2 mA 




700 




Q 


Level Pin Maximum 
Output Current 


ILMX 




1.5 






mA 


Hysteresis Gain 


KHYS 


0.3V < HYS < 1.0 V 




0.36 




VA/ 


HYS Pin Current 


IHYS 


0.5V < HYS < 1 .5 V 







-10 


MA 


Comparator Offset VHCOS 
Voltage 


HYS pin at AGND; < 1.5 k£2 
across DIN+ to DIN- 0.5 kQ from 
DOUTto DGND 




5 


15 


mV 
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ACTIVE DIFFERENTIATOR 



Unless otherwise specified, recommended operating conditions apply. Input CIN± is AC coupled, 1 .0 Vppd, 
1.0 MHz sinewave. 

100& resistor in series with 65 pF capacitor are tied across DIF+ to DIF-. 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


Input Signal Range I RAD 








1.5 


V 


Differential Input Resistance RADD 


CIN± = 100 mVppd @ 2.0 MHz 


15 


20 


25 


kQ. 


Differential Input Capcitance CADD 


CIN± = 100 mVppd @ 2.0 MHz 






5 


PF 


Single Ended RADC 
Input Impedance 


CIN+ = CIN- 


4 


5 


6 


kn 


Voltage Gain KAD 
fromCIN± to DIF± 


3.5 ka from DIF+ to DIF- 




1 




v/v 


DIF+ to DIF- Pin Current IDIF 


Differentiator impedance must be 
set so as not to clip the signal 
for this current level 




1.0 




mA 


Comparator Offset Voltage VADOS 


DIF± AC coupled 







5 


mV 


COUT Pin Output PWC 
High Voltage 


5kQ from COUT to DGND 




30 




ns 



QUALIFIER TIMING 



Unless otherwise specified, recommended operating conditions apply. Inputs CIN± and DIN± are in-place 
as AC coupled, 1 .0 Vppd, 1 .0 MHz sinewave. 1 00Q. resistor in series with 65 pF capacitor are tied from DIF+ 
to DIF-. 0.5V is applied to the HYS pin. 



RDO is enabled as output. OEN = 1 . WG = 



D Flip Flop Set Up Time TD1 


Minimum allowable time delay 
from DIN± exceeding hysteresis 
point to DIF± hitting a peak value. 









ns 


Propagation Delay from TD3 
Positive Peak to RDIO Pulse 






20 




ns 


Propagation Delay from TD4 
Negative Peak to RDIO Pulse 






20 




ns 


Pulse Pairing Abs PP 
(TD3 - TD4) 








3 


ns 


RDO Pulse Width TRD 




20 


25 


30 


ns 
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ELECTRICAL SPECIFICATIONS (continued) 



SYNCHRONIZER SECTION 
WRITE MODE 


PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


Write Data Input TSWD 
Setup Time to RRC 


Rising edge of WDI to 
rising edge of RRC 


15 






ns 


Write Data Input THWD 
Hold Time after RRC 


Falling edge of WDI to 
rising edge of RRC 


3 






ns 


EARLY-/LATE- TSP 
Input Setup Time to RRC 


Falling edge of EARLY- / LATE- 
to falling edge of RRC 


15 






ns 


EARLY-/LATE- THP 
Input Hold Time after RRC 


Rising edge of EARLY- / LATE- 
to falling edge of RRC 


10 






ns 


Precomp Time TPC 
Shift Magnitude 


TPC0 = 16x10 3 Rp 


0.8xTPCC 


TPC0 


1.2TPC0 


ns 


Write Data Output TWD 
Pulse Width 


CL<15pF 

To = Read Reference Clock Period 


T0-2TPC 
-12 


TO -TPC 


TO + 12 


ns 


Write Pass Through TPD 
Delay from WDI to WDO 








1 


US 


READ MODE 


Read Reference TRRC 
Clock Rise Time 


0.8V to 2.0V; CL<15pF 






8 


ns 


Read Reference TFRC 
Clock Fall Time 


2.0V to 0.8V;CL<15pF 






5 


ns 


Read Reference TWRC 
Clock Pulse Width 


To = Read Reference Clock Period 


0.5'To-10 




O.S-To+10 


ns 


Read Data Pulse Width TSRD 


To = Read Reference Clock Period 


To -2 


To 


To+2 


ns 


Read Data Rise Time TRSRD 


0.8V to 2.0V;CL<15pF 






10 


ns 


Read Data Fall Time TFSRD 


2.0V to 0.8V;CL<15pF 






8 


ns 


SRD Output Setup TSSRD 
wrt RRC Rise 




15 






ns 


SRD Output Hold THSRD 
wrt RRC Rise 




15 






ns 
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DATA SYNCHRONIZATION 



PARAMETER 


CONDITIONS 


MIN 


NOM 


MAX 


UNITS 


VCO Center TVCO 
Frequency Period 


V@FLTR = 2.7V 
Serial Reg = X000 T1 = 83 ns 
Serial Reg = X001 T1 = 1 1 1 ns 
benai neg u = au iu i i = id/ ns 
Sprial Rpa - Othpr T1 - IP'S n<5 


0.8 T1 


T1 


1.2 T1 


ns 


Dynamic Range 


1 OV < V <8> Fl TR < VPAP - fiV 

\ .\JM _ V >&» iL 1 (1 i V 1 r\t— \J.\J V 

VPA2 = 5V 


+24 


+34 


+45 


/o 


VCO Control Gain KVCO 


V @ FLTR = 2.7V; coo = 2tc/TVCO 


0.14 coo 


0.20 coo 


0.26 coo 


rad/s-V 


Pha^p Hptprtnr fipi in KD 


KD - 6P/^RR + ^97) 
VPA2 = 5V (RR = 7.5K) 


ft3 KD 

u.OO \\U 


KD 


1.17 KD 


A/rad 


FL1-4 High Impedance FLZH 




2 






kQ 


FL1 -4 Low Impedance FLZL 








100 


Q. 


KVCO x KD Product Accuracy KPA 




-28 





28 


/o 


VCO Phase Restart Error PRE 






4 




ns 


Decode Window DW 


To = Read Clock Period 


To -2 


To 




ns 


Decode Window DWCA 
Center Accuracy 




-5% To 




+5% To 


ns 


Decode Window TS1 


Serial Register 1 = XXOO 




±20% To 




ns 


Shift Magnitude TS2 


Serial Register 1 = XX01 




±15% To 




ns 


TS3 


Serial Register 1 =XX10 




±10% To 




ns 


MISCELLANEOUS TIMING 


RG, WG Time Delay RWTD 








100 


ns 


SERIAL PORT SECTION 


SCLK Period TC 




10 






us 


SDEN Setup to SCLK TSP1 




1.5 




TC/4 


us 


SDEN Hold after SCLK TSP2 




1 




TC/4 


us 


SDI Setup to SCLK TSP3 




45 






ns 


SDI Hold after SCLK TSP4 




45 






ns 
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PACKAGE PIN DESIGNATIONS 

(Top View) 



O O 3 3 2 



CO O O 

I — I I — I I — I I — I 1 — I 



r~) i i. i i f i 



EGC [f 1 
SLEEP [ 2 
N/C [ 3 
SDI [ 4 
SCLK [ 5 
SDEN [ 6 
WCS [ 7 
WDO[ 8 
LATE [ 9 
EARLY [ 10 
WDI nil 
RRC [ 12 
WG [ 13 



52 51 50 49 48 47 46 45 44 43 42 41 40 



14 15 16 17 18 19 20 21 22 23 24 25 26 



39 ] LEVEL 
38 ] HYS 
37 ] DIF+ 
36 ] DIF- 
35 ] VPA1 
34 ] OEN 
33 ] RDO 
32 ] RDI 
31 ] AGND2 
30 ] DOUT 
29 ] COUT 
28 ] FREF 
27 ] DRD 



S § > 

> 

52-Lead QFP 



< j " j I] 3 



CAUTION: Use handling procedures necessary 
for a static sensitive component. 



Advance Information: Indicates a product still in the design cycle, and any specifications are based on design goals only. Do not use for 
final design. 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data sheet 
is current before placing orders. 



Silicon Systems, Inc. 14351 Myford Road, Tustin, CA 92680, (714) 573-6000, FAX (714) 573-6914 



©1992 Silicon Systems, Inc. 
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CUSTOM SOLUTIONS 



SILICON SYSTEMS LEADS THE WAY 
DEVELOPING MIXED-SIGNAL CUSTOM 
PRODUCTS. 

This is a story about leadership. Silicon Systems is dedi- 
cated to taking the point in the creation of high-performance, 
application-specific custom, mixed-signal integrated circuits 
(MSICs®). 

Such dedication means we bring a lot to the party. Includ- 
ing truly innovative analog, digital, and mixed analog/digital 
ICs. A full complement of mixed-signal CMOS, BiCMOS and 
Bipolar wafer fabrication processes, state-of-the-art automated 
design tools, production, assembly, test, and QA capability. 

No one's more experienced 

Our nearly 20 years of successful IC design work makes us 
the most experienced engineering team in the MSICs field. Add 
it all up and you get a company that saves you time and money 
while delivering you the most sophisticated mixed-signal cus- 
tom ICs you can get. 



Faster to market for mixed-signal applications 

Whatever your mixed-signal design application, Silicon 
Systems gives you a competitive advantage. In communica- 
tions, disk drives, other storage products, automotive control 
systems, or other analog/digital signal processing applications, 
you can depend on our technical know-how to do the job right 
and turn your design around faster. 

CMOS. Bipolar. Analog. Digital. 
We've done it 

Our designers are an experienced bunch. They're uniquely 
able to take a look at your specific application problem and 
move quickly to the right IC solution. 

Our team is particularly adept at identifying key issues 
such as power, cost and performance trade-offs. So we can 
gear our efforts toward delivering you an optimized solution, 
manufactured with the appropriate fab process. 



Technique 


Application 


Silicon Systems Designed Examples 


CMOS Signal Processing 


For analog continuous time and sampled 
data (switched-capacitor implementation) 
and digital signal processing (DSP) 
applications. Low-power capability also 
allows inclusion of ROMs, RAMs, and 
other analog/digital subsystems. 


• 73K224 complete single-chip 2400 bit/s 
modem 

• C301 single-chip telephone headset 
amplifier 

• 14.4 kbit modem 

• Direct-broadcast satellite descrambler 

• Motor controllers 

• High-resolution analog data acquisition 


Bipolar Signal Processing 


For high-performance, low noise, 
wideband signal acquisition and process- 
ing applications. Offers TTL and/or ECL 
logic interfaces with high current drive. 


• Sub 1 nV/VHz HDD R/W amplifiers 

• AGC, pulse detection amplifiers 

• High-speed data separators 

• Wideband transceivers 

• PLLs (phase locked loops) 

• Optical signal processing 


Digital CMOS 


For ASIC controllers, sequencers and data 
path applications with on-board ROM, 
RAM, and PLA sub-systems. Offers 
standard TTL and/or CMOS logic inter- 
faces. 


• Hard disk drive controllers 

• SCSI interface controllers 

• UARTs 

• Protocol controllers 

• Digital signal processors 


Digital Bipolar 


High-speed logic and interface circuitry. 
Offers standard logic or custom interfaces. 


• Encoders and decoders 

• High-speed digital transceivers 
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The right mix of analog and digital 

Providing total analog/digital systems on a chip allows you 
to meet your cost and performance objectives whether you're 
designing the next generation of communications devices, or 
perhaps an I/O multiplexer to control electronics in 21 st century 
automobiles. 

We've turned to CMOS to effectively implement low- 
power, highly integrated systems solutions for everything from 
modems and CATV satellite descramblers to hard disk drive 
controllers and digital signal processors. 

We've gone the Bipolar route to meet the high-perfor- 
mance needs of products like wideband transceivers, R/W 
amplifiers, low-noise amplifiers, pulse detectors, high-speed 
data separators and high-performance, low-power combo de- 
vices. 

Our BiCMOS technology promises to open up new hori- 
zons of product capability for applications demanding optimum 
performance at the lowest power. 

SOPHISTICATED TOOLS FOR A CUSTOM 
DESIGN 

At each of five design centers capable of worldwide service 
— Tustin, Santa Clara and Nevada City, California; Tokyo and 
Singapore — Silicon Systems employs PEGASYS™ , an internal 
design automation system developed from carefully selected 
vendor tools and our own proprietary software. Using Mentor 
Graphics workstations for both electrical and physical design, 
PEGASYS helps create complex designs while significantly 
reducing schedules, costs and errors. 

By integrating such helpful third-party tools and custom 
software, we're better able to design and analyze mixed-signal 
integrated circuits in all CMOS, Bipolar and BiCMOS technolo- 
gies. It's an approach that has given us the edge in mixed-signal 
design and helped put Silicon Systems' customers in a favor- 
able position in the marketplace. 



Schematic 
Checker 



Schematic 
Editor 



Filter 
Synthesis 



Circuit 


< —( 


Simulation 





Timing 
Simulation 




Specifically, PEGASYS brings the following to each design: 

• Fully integrated design environment 

• Methodology for precision circuit design 

• Integrated physical design 

• Automatic place and route 

• Complete layout verif ication 

Our design automation staff integrates the third-party tools 
and optimizes their use on the Mentor platform. This framework 
can easily accommodate new tools when needed, and it 
enables us to support a combination of analog and digital 
design techniques in all CMOS, Bipolar and BiCMOS chip 
designs. By mixing design methodologies, we can achieve 
optimum systems performance, even when schedules are 
tight. 

Electrical design 

A single CAE (computer aided engineering) environment 
provides for schematic capture, simulation, synthesis and 
documentation. We support this software with extensive librar- 
ies of pre-designed cells and components. Highly specialized 
cells or components can be designed and enhanced where 
required. We simulate each circuit to meet precise performance 
specifications using: 

• Analog circuit simulation 

• Digital logic simulation 

• Timing simulation 

• Mixed-mode simulation 

• Switched-capacitor filter simulation 

• Behavioral simulation 

Admittedly, simulation alone is not the key to perfecting 
performance. That's why we work aggressively to refine our 
understanding of models to make them work with simulation. 
Inside our progressive device modeling and characterization 



Layout 
Editor 



Circuit 
Trace 



Design 
Rule 
Checks 



Automatic 


< — 4 


Layout 





Documentation 



Logic 
Simulation 



Switched 
Capacitor 
Simulation 




Plotting 



Pattern 
Generation 



Process 
Library & 
Device 
Generators 



CALMA 
Tape 
Read/Write 
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(DMC) laboratory, we develop accurate circuit simulation mod- 
els and parameters. The DMC lab provides complete device 
model data for our processes using capabilities such as AC 
measurement, statistical analysis and worst-case modeling. 
Accurate models are a cornerstone of our design-for-quality 
approach. 

Physical design 

Our PEGASYS layout system aids the mask designer 
through all physical design phases, ensuring consistency 
throughout the design cycle. This fully integrated environment 
provides for both full-custom design and automatic place-and- 
route design including these capabilities: 

• Graphic editing 

• On-line point-to-point routing 

• Compaction 

• On-line design rule checking 

• Layout-to-schematic verification 

• Parasitic extraction/back annotation 

• Output in industry standard GDS format 

The same physical design environment supports all pro- 
cesses and design methodologies. 

Automatic place & route software 

The automatic place-and-route capability speeds through 
physical design far more rapidly than a full-custom, hand-drawn 
approach. We have combined Cadence Design Systems' 
TANCELL™, the most area-efficient router on the market, with 
our proprietary tools. This flexible environment allows for floor 
planning and automatic routing, and it supports the combina- 
tion of custom cells, standard cells and compiled blocks. 

Layout-to-schematic trace and verification 
software 

Our circuit-trace capability compares the completed IC 
layout to the schematic data base, using proprietary techniques 
and tools to guarantee quality. We help to eliminate layout 
errors through verification checks of both connectivity and 
component values. The resulting layout is an exact match of the 
schematic design. Further possible layout problems are iden- 
tified during post-layout simulations using true parasitic model- 
ing of capacitance and resistance interconnect. In short, all 
potential problems are fixed or addressed before first silicon 
fabrication. 

KADS. A mutual drive for custom design 

The Silicon Systems Key Account Design Service (KADS) 
program is our way of designing and developing custom IC 
solutions in a high-level cooperative partnership with our cus- 
tomers. 

The KADS approach introduces the best minds in your 
company to Silicon Systems' mixed-signal specialists. Together 
we work closely, freely exchanging each other's ideas and 
experience in order to inspire breakthrough technical 
achievements and raise quality and creativity to a new level. 



WHERE PROCESS MEETS NEED: CMOS 

Silicon Systems offers two proven CMOS process tech- 
nologies for creating low-power, highly integrated systems 
solutions. We use CH for 5V and 12V applications and CG for 
5V only needs. Both offer excellent analog performance. For a 
summary, see Table 1. 

Our CH process achieves its higher (to 1 2V) operation via 
a DDD (double diffused drain) source/drain structure. This 
increases the S/D junction grading and breakdown voltage 
while lowering the associated junction capacitance. 

The CH process also provides high quality, low voltage 
coefficient, precision poly-poly capacitors that support high 
performance switched-capacitor filtering and data conversion 
(A/D and D/A) circuits. Another important CH process feature 
for analog applications is found with our high £2/' poly resistors. 
Their low voltage coefficient is important for low distortion, 
continuous time filters such as in anti-aliasing applications. 
Typical CMOS processes use unacceptable high-value well 
resistors, and do not provide poly-poly capacitors. 

Improved CMOS reliability 

Silicon Systems boosts your system's reliability by incor- 
porating a well ring into the CH process. This improves well tie- 
down and increases latchup immunity. For harsher environ- 
ments such as motor drivers or the automobile, we use an 
epitaxial (epi) substrate to provide latchup immunity of more 
than 200 mA. 

CMOS CG. Low-power & high performance 

Our CG CMOS process is specifically designed to support 
your 5V mixed-signal applications. Its smaller feature size 
(1.5(i, shrinkable to 1.2ji) allows for much higher levels of 
system integration, higher speed and lower power. 

CG supports high performance analog circuitry with preci- 
sion poly-poly capacitors as well as complex digital circuitry 
including DSPs, microcontrollers, data paths and memory. 

For a cross-section view of the Silicon Systems CG CMOS 
process, see Figure 1. 

BIPOLAR & BICMOS PROCESS 
TECHNOLOGIES 

Our bipolar MSICs take advantage of two high-perfor- 
mance Bipolar processes: BK (for 1 2V applications) and BN (for 
5V applications). The BK analog/digital process achieves its 
higher voltage operation and improves lateral PNP transistor 
performance by using a lightly-doped epi layer. 

In BK we provide deep N+ and P+ enhancement layers to 
reduce both collector series and base resistance. Our use of 
up-junction isolation gives us a major reduction in device area, 
when compared with that of typical junction isolated processes. 
Metal-poly capacitors with a nitride dielectric are used for 
improving capacitor reliability. 



CUSTOM SOLUTIONS 



BN. Low-power/ 8 Ghz Bipolar at 5 volts 

A noteworthy feature of a minimum size BN process 
transistor is that it's only about 1/5th the size of a minimum size 
BK transistor. Because we employ full oxide isolation in BN, we 
can fabricate very fast, very small transistors and reduce 
sidewall capacitances. This supports not only high speed, but 
low power. 

The BN process features high-performance NPN transis- 
tors to support mixing high-performance emitter coupled logic 
(ECL) with analog circuitry. To provide for strict TTL I/O compat- 
ibility, we use superior PtSi Schottky diodes. 

The resulting speed and packing density allows you to 
effectively implement dense high-performance, low-power 
Bipolar analog/digital capability into your system designs. 

For a feature-by-feature comparison of Silicon Systems' 
BK and BN Bipolar processes, see Table 3. 



BiCMOS process technologies 

High performance NPNs and CMOS transistors highlight 
our BiCMOS process. They support mixing high performance 
analog circuitry with high density digital logic. 

We greatly improve response speed through the use of 
silicided base components and S/D regions that decrease 
extrinsic resistances in both types of active components while 
reducing the emitter-base and gate-source (drain) space. 

BiCMOS is virtually immune to CMOS latch-up due to 
retro-grade wells. The high drive capability of Bipolar and the 
low-power/high-density capability of CMOS combine to en- 
hance design potential considerably. Full-featured, 3-volt de- 
signs are one such example. 



Process 


Type 


Application 
Voltage 


BVDSS 


Drawn 
Gate 
Length 


lnterc< 
Polyl 


>nnect P 
Metal 1 


itches 
Metal 2 


Features 


CH 


Si-Gate, single metal, 
dual poly, PWell 


12V 


18V 


3.6u. 


5.8u. 


6.4u. 


n/a 


• DDD S/D structure 

• Poly-poly capacitors 

• Low-voltage coefficient 

• High Q, /Dpoly resistors 

• Epi substrate option 

• Buried well-ring 


CG 


Si-Gate, dual metal, 
dual poly, PWell 


5V 


7V 


1.5n 


3.0ji 


4.5u. 


6.0u. 


• DDD S/D structure 

• Poly-poly capacitors 

• Shrinkable to 1 .2u. 



TABLE 1 : CMOS Process Chart 




Gate 
Oxide 

FIGURE 1 : CG CMOS Process Transistor 
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Type 


Appl. 
Voltage 


BVDSS 


Drawn 
Gate 
Length 


Inter 
Poly 


conne 
MO 


ct Pitc 
M1 


hes 
M2 


BV CE0 


NPN Ft 


Emitter 


Features 


Bipolar: 

Oxide isolated 

CMOS: 

Si-Gate, single 
poly, triple 
metal, PWell 


5V 


10V 


1.0^1 


2.6ji 


3.2|i 


3.8ji 


5.0^1 


8V 


13 GHz 


I.Ojj. 


Bipolar: 

•High Perf. NPNs 
•PtSi Schottky Diodes 
•Gate Oxide Capacitors 
•Poly Capacitors 
•Sidewall Oxide Isolation 
•Fuses 

CMOS: 

•Lightly Doped Drains 



TABLE 2: BICMOS Process Chart 



Process 


Type 


BV CEO 


NPN Ft 


Emitter 
Size 


M1 
Pitch 


M2 
Pitch 


Features 


BK 


Junction-isolated 


12V 


2 GHz 


2.5ji 


9.0|x 


14.0u, 


• Polysilicon emitters 

• Al Schottky diodes 

• Nitride capacitors 

• Ion implanted resistors 

• Up/down junction isolation 

• Collector/base plugs 


BN 


Oxide-isolated 


6V 


8 GHz 


2.0u. 


4.5ji 


8.0ji 


• High performance NPNs 

• PtSi Schotty diodes 

• Nitride capacitors 

• Ion implanted resistors 

• Sidewall oxide isolation 

• Collector/base plugs 
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Aluminum interconnect 
(second layer) 



Aluminum interconnect 
(first layer) 



Collector plug 
for reduced 
collector resistance 



TABLE 3: Bipolar Process Chart 



Base plug for reduced 
base resistance 



Oxide isolation 
for reduced collector - 
substrate capacitance 



Buried layer 
for reduced 
collector resistance 




FIGURE 2: BN Bipolar Process NPN Transistor 
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A SUPERIOR FINISH FOR CMOS, BIPOLAR 

AND BICMOS 

You might say this is the payoff window. The benefits of our 
process technologies, design tools and our unique custom 
approach all come together during wafer fabrication, test and 
assembly. 

Our two manufacturing centers, located in Tustin and 
Santa Cruz, California, can offer specialized capabilities to 
match your particular fabrication requirements. Both facilities 
provide you with high resolution stepper photolithography tech- 
nology, positive resist, dry plasma etch systems, high current 
ion implantation and automatic sputtering. 

Fabrication sites in both Tustin and Santa Cruz accommodate 
4- and 6-inch wafer fabrication and Bipolar, CMOS and BiCMOS 
processes. 

The right package 

Silicon Systems offers a wide range of packages to meet 
the small footprint requirements of advanced storage and 
communication products. We continue to be innovative in 
surface mount technology by providing PLCC, SO, VSOP, 
SSOP, QFP, TQFP and VTQFP packages. At our Singapore 
assembly & test facility we have the full capability to support 
high quality automated packaging while also maintaining rapid 
cycle times. 

Promis. Quality through CAM 

Process and Management Information System (PROMIS) 
underscores our commitment to computer-aided manufactur- 
ing (CAM). And to delivering you a superior quality product on 
time. 

We use PROMIS to facilitate the data required in our 
manufacturing, monitoring and statistical process control (SPC) 
systems. 

With PROMIS we more effectively manage our inventory, 
accurately track wafers in process, and closely monitor the 
clean room environment. 

PROMIS also assists our SPC efforts, as does our commit- 
ment to fully train all of our manufacturing personnel in SPC 
basics. 

We design for quality 

It's our view that quality is nothing less than absolute 
customer satisfaction. To achieve it, we begin far "upstream" in 
the product development process. Our design-for-quality 
approach scrutinizes the design itself with statistically based 
models, comprehensive simulation tools and vigorous design 
reviews. 

The results of such an effort are IC products that boast 
lower defect rates, higher parametric performance and far 
fewer redesigns. Moreover, our persistence in improving qual- 
ity keeps us focused on finding better and faster ways to satisfy 
future customer demands. 



Quality that delivers 

With effective systems such as PROMIS and our design- 
for-quality approach in place, Silicon Systems is prepared to 
deliver you finished products you can really depend on. On 
time. And within budget. 

For details on how you can take best advantage of Silicon 
Systems' custom mixed-signal IC solutions, see your nearest 
Silicon Systems representative, orcontact us. Silicon Systems, 
Inc. 14351 Myford Road, Tustin, CA 92680. 714-573-6000. 
FAX: (714) 573-6914. 



CUSTOMER 



SIUCON SYSTEMS 



Design Specifications 
and Requirements 



Initial Design Review 



Design Components 

• Schematic Capture 

• Simulation 

• Netlisting 



Final Design Review 



• Automatic Placing 
and Routing or 
Hand-Packed Layout 

• Automatic Circuit 
Trace 



Final Layout Review 



Test Program Creation 

Photomask 

Wafer Fab 

Prototype 
(Assembly, Test, Ship) 



Evaluate Prototype 



Verify System Function 



Release to Production 



CUSTOMER INTERFACE FOR FULL-CUSTOM 
AND CELL-BASED DESIGNS 
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CONTINUOUS IMPROVEMENT 
MISSION OBJECTIVE STATEMENT 



Be the supplier of choice by exceeding customer 
expectations through continuous improvements in our 
products, systems and services. 

Objectives 

Provide world class quality in our products and services 
through focus on: 



Develop a culture that ensures the consistent use of 
continuous improvement tools and fact based decision 
methodology by: 

Senior Management Leadership 
Employee Empowerment 
Aggressive Goal Setting and Performance Measurement 
Communication and Celebration of Successes 

Alan V. King Cheryl A. Stock 



Mission 



Customer Partnering 
Cycle Time Improvement 
Process and System Improvements 



President, CEO 



Vice President, Corporate R&.QA 



SvicotiSusfans 

A TDK Group/Company 




® 
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SECTION 1 

1.1 INTRODUCTION 

Silicon Systems is committed to the goal of customer satis- 
faction through the on-time delivery of defect free products 
that meet the customer's expectations and requirements. 
This section outlines Silicon Systems' ongoing activities for 
the control and continual improvement of quality in every 
aspect of our organization. 

Silicon Systems is diligently working to maintain and improve 
its position as a world-class provider of mixed-signal inte- 
grated circuits (MSICs®). 

We realize and practice the concept that quality and reliability 
must be designed and built into our products. In addition, 
Silicon Systems utilizes rigid inspections and data analysis to 
evaluate the acceptability and variation existing in incoming 
materials and performs stringent outgoing quality verifica- 
tion. The manufacturing process flow is encompassed by an 
effective system of test/inspection checks and in-line moni- 
tors which focus on the control and reduction of process 
variation. These gates and monitors ensure precise adher- 
ence to prescribed standards and procedures. 

Silicon Systems also incorporates the use of statistical pro- 
cess control techniques into company operations. The con- 
trol and reduction of the process variation by the use of 
statistical problem solving techniques, analytical controls 
and other quantitative methods ensures that Silicon Systems' 
products maintain the highest levels of quality and reliability. 



Our Reliability and Quality Assurance organizations are 
committed to working closely with our customers to provide 
assistance and a continually improving level of product quality. 

1 .2 SILICON SYSTEMS' QUALITY MANDATE: 
CONTINUOUS IMPROVEMENT 

Continuous improvement is Silicon System's strategic thrust 
for the 1990's. In order to ensure that all aspects of our 
business are encompassed by this mandate, Corporate 
Reliability & Quality Assurance has been chartered with the 
responsibility for developing, educating and overseeing the 
worldwide continuous improvement process. The continu- 
ous improvement initiative will lead to developing a new 
organizational culture, changing attitudes and stronger own- 
ership and accountability for total customer satisfaction. 

1 .3 CHARACTERISTICS OF SILICON SYSTEMS' 
CONTINUOUS IMPROVEMENT PROCESS 

• Executive Steering Committee leadership and direc- 
tion - defines the right things to do and provides 
guidance - the right way to do them. 

• Continuous improvement is measured everywhere and 
by everyone. Metrics that reflect pride in accomplish- 
ment are celebrated. 

• Benchmarking is employed as a method to shorten 
learning curves and ensure successful ventures. 

• Quality management and employee empowerment are 
encouraged at all levels. 



Sr. Executive 
Secretary 




R & OA I 

Mem I 



Sr. Executive I 
Secretary I 



CIPD 
PQA 
JManagei^ 



Singapore 
Manufacturing OA 

Manager 



Reliability 
Engineering 

Manager 



Singapore 
Reliability Lab 



Failure 
Analysis 

Manager 



Continuous 
Improvement 

Manager 




Fab 

Manufacturing OA 

Manager 



TusUn ATO 
Manufacturing OA 

Manager 



FIGURE 1: Organizational Chart 
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• Supplier partnership is a critical element of our quality 
strategy. 

This is the essence of Silicon Systems - a total quality 
involved company - forward looking and immersed in the goal 
of customer satisfaction and best-in-class business pursuits. 

1 .4 CORPORATE RELIABILITY AND 
QUALITY ASSURANCE 

It is the objective of the Corporate Reliability and Quality 
Assurance organization to ensure that proactive quality 
systems are in place to ensure that Silicon Systems' products 
will meet or exceed customer requirements and expecta- 
tions. In addition, the Reliability and Quality Assurance 
organization works to facilitate the timely implementation of 
solutions and monitors the effectiveness of corrective ac- 
tions. These organizational strategies support the continuing 
enhancement of quality consciousness throughout Silicon 
Systems. 

SECTION 2: QUALITY ASSURANCE 
2.1 QUALITY OBJECTIVES 

While all Silicon Systems empbyees have direct responsibility 
for quality in their functions, the Quality Assurance Organiza- 
tions have the ultimate responsibility for the reliable perfor- 
mance of our products. This is accomplished through the 
development, administration and assessment of formal qual- 
ity systems which assure Silicon Systems' management, as 
well as our customers, that products will fulfill the require- 
ments of customer purchase orders and all other specifica- 
tions related to design, raw material and in process through 
completion of the finished product. 

Corporate Quality Assurance supports, coordinates and 
actively participates in the formal qualification of suppliers, 
material, processes, and products, and the administration of 
quality systems and production monitors to assure that our 
products meet Silicon Systems quality standards. Product 
Quality Assurance provides the liaison between Silicon Sys- 
tems and the customer for all product quality related con- 
cerns. 

It is the practice of Silicon Systems to have corporate quality 
and reliability objectives encompass all of its activities. This 
starts with a strong commitment of support from the corporate 
level and continues with exceptional customer support long 
after the product has been shipped. 

Silicon Systems emphasizes the belief that quality and reli- 
ability must be built into all of its products by ensuring that all 
employees are educated in the quality philosophy of the 
company. Some of the features built into Silicon Systems 
quality culture include: 



1 . Structured training programs directed at wafer fabri- 
cation, test, process control personnel and supporting 
organizations. 

- Team based problem solving methodologies. 

- Corporate-wide training of quality philosophy and 
statistical methods. 

2. Stringent in-process inspection, gates, and monitors. 

3. Rigorous evaluation of designs, materials, and pro- 
cessing procedures. 

4. Stringent electrical testing (100% and QC AQL/Sample 
testing). 

5. Ongoing reliability monitors and process verifications. 

6. Real-time use of statistical process control 
methodology. 

7. Corporate level audits of manufacturing, subcontrac- 
tors, and suppliers. 

8. Timely corrective action system. 

9. Control of non-conforming material. 

These focused quality methods result in products which 
deliver superior performance and reliability in the field. 

2.2.1 INCOMING INSPECTIONS 

Incoming inspection plays a key role in Silicon Systems' 
quality efforts. Small variations in incoming material can 
traverse the entire production cycle before being detected 
much later in the process. By paying strict attention to the 
monitoring of materials at the earliest possible stage, varia- 
tion can be reduced, resulting in a stable uniform process. 

2.2.2 IN-PROCESS INSPECTIONS 

Silicon Systems has established key inspection monitors in 
such strategic areas as wafer fabrication, wafer probe, as- 
sembly, and final test. These quality monitoring tests are 
performed in addition to the intermediate and final inspections 
found in the manufacturing process. 

Quality control monitors have been integrated throughout the 
manufacturing flow, so that data may be collected and ana- 
lyzed to verify the results of intermediary manufacturing 
steps. This data is used to document quality trends or long 
term improvements in the quality of specific operations. 
Abnormality control is being used to enhance the effective- 
ness of this process. In process monitors such as oxide 
integrity, electromigration immunity and other parameters 
monitor long term reliability as well as circuit performance. 
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FIGURE 2 
Quality Assurance Relationships 
Quality Steering Committee 



2.3 QUALITY STEERING COMMITTEE 

The Corporate, Product and Manufacturing Quality Assur- 
ance organizations work closely together to provide leader- 
ship in the development, integration and assessment of 
Silicon Systems' worldwide quality systems and procedures. 

This team approach ensures that policies and procedures are 
standardized and facilitates rapid improvement in products, 
processes and services. 

2.4 DESIGN FOR QUALITY 

Since the foundation of a reliable product is rooted in the 
design process, the Reliability and Quality Assurance organi- 
zations actively participate in comprehensive cross-func- 
tional reviews of design stages prior to the product's transition 
to production status. These review stages assure a predict- 
able and effective development cycle. Other important de- 
sign-related functions include ensuring that process specifi- 
cation revisions are translated into updated design param- 
eters and the translation of manufacturing process capability 
into design guidelines. This is accomplished through the 



identification and monitoring of critical process and device 
parameters. Wafer level test at the early stages of process 
development also plays a critical role. These elements, in- 
cluded in Silicon Systems design for quality effort, support the 
development of robust design rules which are as insensitive 
as possible to inherent manufacturing variation. The result is 
a product that delivers predictable and reliable long term 
performance. 

2.5 PPM REDUCTION PROGRAM 

The primary purpose of a PPM reduction program is to 
provide a formalized feedback system in which data from 
nonconforming products can be used to improve future 
product consistency and reliability. The action portion of this 
program is accomplished in three stages: 

1 . Identification of defects by failure mode. 

2. Identification of defect causes and initiation of corrective 
action. 

3. Measurement of results and setting of improved goals. 

The data summarized from the established PPM program is 
compiled as a ratio of units rejected/tested. This ratio is then 
expressed in terms of defective parts per million (PPM). 
Founded on a statistically valid database of PPM data and an 
established five-year strategic plan identifying PPM improve- 
ment goals, Silicon Systems has consistently achieved ex- 
cellent quality standards and will continue to progressively 
improve PPM standards. 

2.6 COMPUTER AIDED MANUFACTURING CONTROL 

Computer Aided Manufacturing (CAM) is used throughout 
Silicon Systems for the identification, control, collection and 
dissemination of timely information for logistics control. Sili- 
con Systems also uses this type of computerized system for 
statistical process control and manufacturing monitoring. 
PROMIS, (PROcess Management and Information System), 
displays approved/controlled recipes, processes, and proce- 
dures; tracks work-in-process; reports accurate inventory 
information; allows continuous recording of facilities data; 
contains statistical analysis capabilities; and much more. 
PROMIS allows for a paperless facility, a major element in 
minimizing contamination of clean room areas. 
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TEST 


CONDITIONS 


PURPOSE OF EVALUATION 


Biased temperature/humidity 


85°C/85°%RH 


Resistance to high humidity with bias 


Highly accelerated stress test (HAST) 


JDECA110 


Evaluates package integrity 


High temperature operating life (HTOL) 


Mil 883D, Method 1005 


Resistance to electrical and thermal stress 


Early Failure Rate 


Mil 883D, Method 1005 


Detect infant mortality 


Steam pressure 


121°C/15PSI 


Resistance to high humidity 


Temperature cycling 


Mil 883D, Method 1010 


Resistance to thermal excursion (air) 


Thermal shock 


Mil 883D, Method 1011 


Resistance to thermal excursion (liquid) 


Salt atmosphere 


Mil 883D, Method 1009 


Resistance to corrosive environment 


Constant acceleration 


Mil 883D, Method 2001 


Resistance to constant acceleration 


Mechanical shock 


Mil 883D, Method 2002 


Resistance to mechanical shocks 


Severability 


Mil 883D, Method 2003 


Evaluates solderability of leads 


Lead integrity 


Mil 883D, Method 2004 


Evaluates lead integrity before board assembly 


Vibration, variable frequency 


Mil 883D, Method 2007 


Resistance to vibration 


Thermal resistance 


Silicon Systems Method 


Evaluates thermal dissipation 


Electrostatic damage 


Mil 883D, Method 3015 


Evaluates ESD susceptability 


Latch-up 


Silicon Systems Method 


Evaluates latch-up susceptibility 


Seal fine and gross leak 


Mil Std883D, Method 1014 


Evaluates hermeticity of sealed packages 



TABLE 1 : Reliability Stress Tests 



SECTION 3: RELIABILITY 

3.1 RELIABILITY PROGRAM 

Silicon Systems has defined various programs that will 
characterize product reliability levels on a continuous basis. 
These programs can be categorically described by: 

1 . Qualifications 

2. Production monitors 

3. Evaluations 

4. Failure analysis 

5. Wafer level reliability 

6. Data collection and presentation for improvement 
projects 

3.2 QUALIFICATIONS 

Extensive qualification testing and data collection ensures 
that all new product designs, processes, and packaging 
conf igurations meet the absolute maximum ratings of design 
and the worst case performance criteriafor end users. A large 
database generated by means of accelerated stress testing 
results in a high degree of confidence in predicting final use 
performance. The qualification criteria used are periodically 
reviewed to be consistent with Silicon Systems' increasing 
quality and reliability goals in support of our customers. 



3.3 PRODUCTION MONITORS 

This program has been established to randomly select a 
statistically significant sample of production products for 
subjection to maximum stress test levels in order to evaluate 
the useful life of the product in a field use environment. 

Table 1 lists reliability test methods that are in use at Silicon 
Systems. This analysis of production monitor at Silicon 
Systems provides valuable information on possible design/ 
process changes which assure continued improved reliability. 
The monitors are periodically reviewed for effectiveness and 
improvements. 

3.4 EVALUATIONS 

The evaluation program at Silicon Systems is an ongoing 
effort that will continue defining standards which address the 
reliability assessment of the circuit design, process param- 
eters, and package of a new product. This program continu- 
ously analyzes updated performance characteristics of prod- 
uct as they undergo improvement efforts at Silicon Systems. 

3.5 FAILURE ANALYSIS 

The failure analysis function is an integral part of the Quality 
and Reliability department at Silicon Systems. Silicon Sys- 
tems has assembled a highly technical and sophisticated 
failure analysis laboratory and staff. This laboratory provides 
visual analysis, electrical reject mode analysis, and both 
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destructive and non-destructive data to aid the engineers in 
developing corrective action for improvement. These test 
analyses may include metallurgical, optical, chemical, elec- 
trical, SEM with X-ray dispersive analysis, and E-Beam non- 
contact analysis as needed. 

These conclusive in-house testing and analysis techniques, 
are complemented by outside support, such as scanning 
acoustic microscopy, focused ion beam, and complete sur- 
face and material analysis. This allows Silicon Systems to 
monitor all aspects of product manufacturing to ensure that 
the product of highest quality is shipped to our customers. 

3.6 WAFER LEVEL RELIABILITY PROGRAM 

A primary objective at Silicon Systems is to improve the 
reliability of our products through characterization of our 
manufacturing operations. The identification of specif icfailure 
mechanisms occuring in the wafer fabrication and assembly 
processes is a prerequisite to effective corrective action 
aimed at reducing defects and improving quality and reliability. 

The primary advantage of wafer level reliability testing is the 
speed at which results can be derived, thereby providing 
additional response time and an early warning of process 
changes. This tool provides Silicon Systems with a very rapid 
analysis tool which allows for the early identification of 
possible problems and a determination of their origin. 

The continuous improvement approach taken at Silicon 
Systems uses the wafer level reliability tests as tools to 
improve the process, identify potential problems, determine 
the sources of any process weakness and eliminate prob- 
lems upstream in the process. This results in a focus on 
reliability improvement that goes well beyond merely deter- 
mining the projected lifetime of a product to a detailed 
characterization, measurement and control of the specific 
parameters which actuallly determine product lifetime. 

3.7 DATA COLLECTION AND PRESENTATION FOR 
IMPROVEMENT PROJECTS 

Data collected from each element of the Reliability program 
is summarized for scope and impact and distributed among 
all engineering disciplines in the company. This data facili- 
tates improvement and provides our customers an opportu- 
nity to review the performance of our product. 



3.8 RELIABILITY METHODS 

The Reliability Program utilizes a number of stress tests that 
are presently being used to define performance levels of our 
products. Many of these stress tests are per MIL-STD-883D 
as shown in Table 1 . 

3.9 RELIABILITY PREDICTION METHODOLOGY 

At Silicon Systems, the Arrhenius model is used to relate a 
failure rate at an accelerated temperature test condition to a 
normal use temperature condition. 

The model basically states FR = A exp(-Ea/KT) 

Where: 

FR = Failure rate 

A = Constant 

Ea = Activation Energy (eV) 

K = Boltzmann's constant 8.62 x 1 0* eV/ degree K 

T = Absolute temperature (degree K) 

SECTION 4: ELECTROSTATIC DISCHARGE 
PROGRAM 

4.1 ESD PREVENTION 

Silicon Systems recognizes that the protection of Electro- 
static Discharge (ESD) sensitive devices from damage by 
electrical transients and static electricity is vital. ESD safe 
procedures are incorporated throughout all operations which 
come in contact with these devices. Continuous improve- 
ment in the ESD protection levels is being accomplished 
through the incorporation of increasingly robust protection 
devices during the circuit design process as well as work area 
improvements. 

Silicon Systems' quality activity incorporates several protec- 
tion measures for the control of ESD. Some of the preventive 
measures include handling of parts at static safe-guarded 
workstations, the wearing of wrist straps during all handling 
operations, the use of conductive lab coats in all test areas 
and all areas which handle parts and the packaging of 
components in conductive or anti-static containers. 
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Silicon Systems 

Packaging Index 



DUAL-IN-LINE PACKAGE (DIP) 


PINS 


PAGE NO. 


Plastic 


8, 14, 16 & 18 


12-2 


20, 22, 24 & 24S 


12-3 


28, 32 & 40 


12-4 


Ceramic 


8, 14, 16& 18 


12-5 


22, 24 & 28 


12-6 


SURFACE MOUNTED DEVICES (SMD) 






Quad (PLCC) 


20, 28 


12-7 


32&44 


12-8 


52&68 


12-9 


Quad Flatpack (QFP) 


52 & 100 


12-10 


128 


12-11 


Thin Quad Flatpack (TQFP) 


32&48 


12-12 


64 


12-13 


100 


12-14 


120 


12-15 


Very Thin Quad Flatpack (VTQFP) 


48&64 


12-16 


100 


12-17 


120 


12-18 


Small Outline (SOIC) 


8, 14 & 16 SON 


12-19 


16,18,20, 24&28 SOL 


12-20 


34 SOL 


12-21 


32 SOW 


12-21 


36 SOM 


12-21 


44 SOM 


12-22 


Very Small Outline Package (VSOP) 


20&24 


12-22 


Very Thin Small Outline Package (VTSOP) 


20 


12-22 


SON is a 150 mil width package. 

SOL is a 300 mil width package. 

SOW is a 400 mil width package. 

SOM is a 300 mil width package, fine pitch (0.8mm). 

SOV is a 220 mil width package, fine pitch (0.65mm). 
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I Ordering 
Information 




NNAINNNN 



PRODUCT CATEGORY 

32B HDD Interface 

32C HDD Controller 

3 2D HDD Data Recovery 

32F Electronic Filter 

32H HDD Head Positioning 

32M HDD Motor Speed Controller 

32P HDD Pulse Detection 

3 2R H DD Read/Write Amp 

34B FDD Interface 

34D FDD Data Recovery 

34P FDD Pulse Detection 

34R FDD Read/Write Amp 

35P Tape Drive Pulse Detection 

66F Standard Automotive Products 

67F Standard Automotive Products 

73D Modem Device Set 

73 K K-Series Modem 

73M Modem/Modem Support 

75T Tone Signalling 

78A Analog Telecom 

78P DigitalTelecom 

78Q LAN Products 



DEVICE TYPE 
3 or 4 Digits 



RELEASE LEVEL 
(Revision) 
A through E 



NUMBER OF 
CHANNELS 



MODIFIERS 

F FAX Capability 

J Burn-In (168 Hours) 

K Burn-In (48 Hours) 

L Low Power 

LP AT Commands, MNP5 

LT AT Commands 

LV AT Commands, MNP5, V.42 

LZ AT Commands, MNP5, V.42, V.42bis 

M Mirror Image 

S Serial Version 

SL Low Power Serial 

R Damping Resistor 

RM Resistor, Mirror Image 

T 1 00 V/V Read Mode Gain (R/W) 

U 1 50 V/V Read Mode Gain (R/W) 

V 200 V/V Read Mode Gain (R/W) 
W 250 V/V Read Mode Gain (R/W) 
X 300 V/V Read Mode Gain (R/W) 

Y 350 V/V Read Mode Gain (R/W) 
Z 400 V/V Read Mode Gain (R/W) 

Cannot use A-E in left position 




SHIPPING OPTIONS 

R Tape and Reel 



PACKAGE TYPE 



C Side-Brazed Ceramic 

F Flatpack 

G QFP, Quad Flatpack (2.5 mm height) 

GT TQFP, Thin Quad Flatpack ( 1 .4 mm height) 

GV Very Thin Quad Flatpack ( 1 .0 mm height) 

H PLCC 

P Plastic Dip 

T Metal Can 

S Plastic, Skinny Dip 

N Small Outline, Narrow ( 1 50 mil.) 

L Small Outline, Large (300 mil.) 

W Small Outline, Wide (400 mil.) 

M Small Outline, (300 mil.), Fine Pitch (0.8 mm) 

V Very Small Outline (220 mil.) Fine Pitch (0.65 mm) 

VT Very Thin Small Outline ( 1 .0 mm height) 



TEMPERATURE RANGE 



C Commercial (0 °C to +70 °C) 
| Industrial (-40 °C to +85 °C) 



Q. — ■ 

<r> — ■ 

2. O 
= O 

3, C/) 
o < 

3 </> 

Q> (D 

53 

3 (/> 



Package Information 
(Plastic DIP) 



PIN NO. 1 
IDENT. " 



h ft ft ft 



.350 (9.980) 



.260 (6.604) 
.240 (6.096) 




.310(7.874) 
.285 (7.239) 



.200 (5,080) 
.140(3.556) 



.150 (3.810) 
.125 (3.*75) 



, r"i ft ft ft f\ ft ft , 



y g y g y y y 



.260 (6.604) 
.240 (6.096) 




.015(0.381) 
' .023 (0.584) 



8-Pin Plastic 



14-Pin Plastic 



.200(5.080) 
.140(3.556) 



.150(3.810) 
.125(1175) 



.1 00 TYP. (2.540) 



.015(0.381) 
.023 (0.584) 



.260(6.604) 
.246(6.096) 



.070(1.778) 
.015(0.381) 



0-15' 



16-Pin Plastic 



.930 (23.622) 



.880 (22.352) 




.310(7.874) 
.285(7.239) 



18-Pin Plastic 
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Package Information 



r"T r"i rV 




.015(0.381) 
~ .023 (0.584) 



20 Pin Plastic 
*24S Pin Plastic 



) 



.360(9.144) 
.330 (8.382) 



.065(1.651) 

.020 (0.508) f~ 



22-Pin Plastic 




.290(32.766) 



1.200(30.480) 



.065(1.651) 
"\ .015(0.381) 



-*j J-*—.100TYP.<2.5< 



24-Pin Plastic 




.610(15.494) 
.585(14.859} 



I- 
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Package Information 



1.450(36.830) 



1380(35.052) 





28-Pin Plastic 



.220 (5.588) 
■1 65(4.191) 

.160(4.064) 
.125 (3.1 7Sj 



r"i n , .^fiftr"^^^^ 



.015(0.381) 

I 



) (15.494) 
i(Tl8?9) 



|«»-0-15' 



32-Pin Plastic 



.160(4.064) 
.125 <3.175| 



, ri f"i r"i f"i , ^^^r^riri^^^^ , 



H h 10 



.560 (14.224) 
.530 (13.462) 



^3 



I- 



40-Pin Plastic 
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Package Information 
Cerdip 



PIN NO. 1_ 
IDENT. 



0.125 
0.030 " 



TO 




0.332 (6.433) 
0.280 (7.112) 



0.325 (8.255) 


0.290 (7.366) 























8-Pin Cerdip 



14-Pin Cerdip 



PIN NO. 1 
IDENT. 



I I I J I I I I I I 




0.030 (0.965) 
MIN 



.260 (6.604) 
.240 (6.096) 



0.175(4.445) 
0.105 (2.667) 



0.175(4.445) 
0.125 (3.175) 



0.125 (3.175) 
0.030(2.413) 



0.332 (8.433) 
0.280(7.112) 



0.325 (8.255) 


0.290 (7.366) 























16-Pin Cerdip 




18-Pin Cerdip 




12-5 



Package Information 





24-Pin Cerdip 



.100 TYP. 0.060(1.524) 0.023 (0.584) 
(2540) 0.038(0.965) 0.015(0.381) 
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Package Information 
Quad (PLCC) 



0.395 (10.033) 
0.385 (9.779) 



0.395(10.033) 
_ 0.3 85 (9.779) _ 



[ 



[ 



0.354 (8.992) 
"0.350 (8.89) ~ 



PIN NO. 1 I DENT. - 



0.354 (8.992) 



[ 0.350 (8.89) 




i 0.042 (1.067) 
0.056 (1.422) 



- 0.050 TYP (1 .27) 



20-Pin Quad PLCC 



.075 (1 .905) 




28-Pin Quad PLCC 
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Package Information 



>. 1 CENT. 1 



■595(15.11) 
.505(14.86) 



.553(14.05) 
.549 (13.94) 



.140(3.56) 
.123(3.12) 



..300 REF (7.62 REF) /400 REF (10.16 REF)^ 



.430(10.92) /530 (13.46) 



.390(9.91)/ .490(12.45) 



T 



.045 (1.140) 
.020 (0.508) 



32-Pin Quad PLCC 



PIN NO. 1 IDENT. 



1 IDENT. 1 



0.695(17.655) 
0.685(17.399) 



0.165(4.191) 
0.200 (5.080) 



u 



O.Oi 



0.016(0.406) 
0.020(0.508) 




0.656(16.662) 
0.650(16.510) 



44-Pin Quad PLCC 
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Package Information 



.785(19.939) 




.750(19.050) 
.756(19.202) 



52-Pin Quad PLCC 




68-Pin Quad PLCC 
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Package Information 
Quad Flatpack (QFP) 





NOTE: Dimensions are in mm 
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Package Information 




uuuuuuuuuuuuuuuuuuuuuuuuuu 



128-Lead Quad Flatpack 

NOTE: Dimensions are in mm 
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Package Information 
Thin Quad Flatpack (TQFP) 




32-Lead Thin Quad Flatpack 

NOTE: Dimensions are in mm 



6.8 (0.267) 



7.2 (0.283) 



i.4oL)55) 1 



D (0.05S) 
1.60(0.063) 



0.8 mm Typ. 
(0.0315) 



0.34 (0.0134) 



0.46 (0.018) 



8.7 (0.343) 
9.3 (0.366) 



3g 
o o. 



an 
an 
an 
an 
an 
an 
an 
an 
an 
an 
an 
an 



RRRRRHHRRRR 



O 



no 
no 
no 
no 
no 

HO 

nn 
no 
no 
no 
no 
no 



48-Lead Thin Quad Flatpack 

NOTE: Dimensions are in mm 



6.8 (0.267) 
7.2 (0.283) 



1.40(0.055) 
1.60(0.063) 



0.20 (0.008) 



- 0.50 (0.0197) Typ. 



0.008 (0.2) Typ. 
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Package Information 









11.7(0.460) 










12.3 (0.484) 


— *»■ 








RRRRRRRRRRRRRRRR 
















an 




nn 




un 




nn 




nn 




nn 




an 




nn 




an 




nn 






an 






1 


1 

O, 


an 




~~ n — i 

__U — I 




m 


an 




nn 






an 




nn 




an 




nn 




an 




nn 




an 




nn 




an 




nn 




an 




nn 




an 




nn 




an 




nn 








^ 












HHHHHHHHHHHHHHHH 





— 1 .40 (0.055) ' ■ 



-0.5(0.0196) Typ. 



0.0 (0) 



1.60 (0.063) 



0.60 (0.024) Typ. 



64-Lead Thin Quad Flatpack 

NOTE: Dimensions are in mm 



12 
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Package Information 




PIN No. 1 Indicator 



13.8 (0.543) SQ 



14.2 (0.559) 



\ 



0.60 (0.024) TYP. 



0.18(0.007) 
0.27 (0.011) 



0.50 TYP. 
(0.020) 



0.00(0) 



1 .40 (0.055) 
1.60 (0.063) 



0.20 (0.008) 



100-Lead Thin Quad Flatpack 

NOTE: Dimensions are in mm 
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Package Information 



15.7 (0.618) 
16.3 (0.641) 



m — 
r n — 



r n — 
r n — 
m — 
m — 
m — 



rn — 



rn — 

15.7(0.618) m 

16.3(0.641) III I 



— rn 
r n 
m 

— rn 




— rn 



PIN No. 1 Indicator 



13.8 (0.543) SQ 
14.2 (0.559) 



-I h- 



0.60 (0.024) TYP. 



-if ™P 

0.18(0.007) 0.40TYP.(0.016) 
0.27(0.011) 



a 



| L_ o-oo (Q) 

1.40(0.055) 0.20 (0.008) 

1.60(0.063) 



120-Lead Thin Quad Flatpack 



NOTE: Dimensions are in mm 
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Package Information 
Very Thin Quad Flatpack (VTQFP) 



Ml 



on 
on 
an 
an 
an 
an 
an 
an 
an 
an 
an 



nn 
nn 
nn 
zo 
nn 
nn 
nn 
nn 
nn 
nn 
nn 



48-Lead VTQFP 

NOTE: Dimensions are in mm 



Pin#1 Identification 



IH¥¥H¥¥¥¥l 




1.00(0.039) 
1.20(0.047) 



*4 U 0.60(0.024) 0.18(0.007) 

1 1 0.27(0.011) 




64-Lead VTQFP 

NOTE: Dimensions are in mm 



Pin#1 Identilication 



i r 

1.00(0.039) 1 



12-16 



Package Information 




PIN No. 1 Indicator 



13.8 (0.543) SQ 



14.2 (0.559) 



-I <r- 



0.60 (0.024) TYP. 



0.18(0.007) 
0.27 (0.011) 



0.50 TYP. 
(0.020) 



0.00 (0) 



1 .00 (0.039) 
1 .20 (0.047) 



0.20 (0.008) 



100-Lead VTQFP 



NOTE: Dimensions are in mm 



12 
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Package Information 




PIN No. 1 Indicator 




— [*— 0.60 (0.024) TYP. 



13.80(0.543) SQ 
14.20(0.559) 



0.18(0.007) 0.40TYP.(0.016) 
0.27 (0.011) 



TTT 



0.00 (0) 
1.00 (0.039) 20 (° 008 ) 
1 .20 (0.047) 



120-Lead VTQFP 

NOTE: Dimensions are in mm 
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Package Information 
SON 



PIN NO.1 

BEVEL *~ 



— ^| .050 TYP. (1.270) 

nnnn 



MM 

.200 (5.080) 
.185 (4.699) 



f 

.160 (4.064) 
.150 (3.810) 



.070(1.778) 
.060(1.524) 



.010(0.254) 



.003 (0.076) 



.016 nom (0.40) 



8-Lead SON 



.245 (6.223) 
.230 (5.842) 



.185 (4.699) 
.170 (4.318) 



PIN NO.1 
BEVEL 



— *j |-*— 0.050 TYP. (1 .270) 

n n n n n n n 



uuuuuuu 

0.350 (8.890) 
0.330 (8.382) 



0.150(3.810) 



0.070(1.778) 
0.060 (1.524) 



|"*- 0.016 nom (0.40) j 



14- Lead SON 





0.245 (6.223) 






0.230 (5.842) 














h 



^| 0.185(4.699) 
j 0.170(4.318) 



PIN NO.1 
BEVEL 



— *j ^t— .050 TYP. (1 .270) 

nnnnnnnn 



rnnrwTTru 



.400 (10.160) 
.380 (9.652) 



.160 (4.064) 



.150 (3.810) 



.070 (1.778) 
.060(1.524) 



-*»-| [+- .016 nom (0.40) 



.010 (0.254) 



T 



16-LeadSON 



.245 (6.223) 



J 



.185 (4.699) 
.170 (4.318) 
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Package Information 
SOL 



PIN NO.1 
BEVEL 



— *j |«*— .050 TYP. (1 .270) 

nnnnnnnn 



uuuuuuuu 

.415(10.541) 



.395 (10.033) 



.305 (7.747) 



.285 (7.239) 



.420 (10.668) 
.390 (9.906) 



J 



.110(2.794) 
.092 (2.336) 



-►I |^-.016 nom (0.40) T 

16-Lead SOL 



.335 (8.509) 
.320 (8.128) 



PIN NO.1 
BEVEL 



.110(2.794) 
.092 (2.336) 



— *j .050 TYP. (1 .270) 

nnnnnnnnn 



uuuuuuuuu 

.465 (11.811) 



.305 (7.747) 



.285 (7.239) 

_i_ 



-►J |««#- .016 nom (0.40) 

18-Lead SOL 



T 



PIN NO.1 
BEVEL. 



— »j |*«— .050 TYP. (1 .270) 

nnnnnnnnn n 



uuuuuuuuuu 

.515(13.081) 



.495(12.573) 



.305 (7.747) 



.285 (7.239) 



.420 (10.668) 
.390 (9.906) 



.110(2.790) 4 ^■■■■■■■■^■■^■.■■J 

gpppppppppp. 

-►j .01 6 nom (0.40) 

20-Lead SOL 



.335 (8.509) 
.320 (8.128) 



PIN NO.1 
BEVEL 



— »j |«#— .050 TYP. ( 1 .270) 

nnnnnnnnnnnn 



UUUUUUUUUUUU 

.615(15.621) 



.595(15.113) 



.305 (7.747) 



.285 (7.239) 



.010(0.254) 
.076) 



T 



.110(2.790) 4 / „ ^ I 003 (°- 

™ i ^pppprppppppm- 

-►J |«*- .016 nom (0.40) T 



24-Lead SOL 



nnnnnnnnnnnnnn 



PIN NO.1 
BEVEL 



-.050 TYP. (1.270) 



uuuuuuuuuuuuuu 

.715(18.161) 



~~1 

.305 (7.747) 



.285 (7.239) 



.110(2.790) 
.092 (2.336) 



-►I [^h-.016 nom (0.40) 



28-Lead SOL 



T 



J 
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Package Information 
SOL/SOM/SOW 



PIN NO.1 
BEVEL 



— »j |-*— 0.040 TYP. (1 .02) 

nnnnnnnnnnnnnn 



uuuuuuuuuuuuuu 

0.6969(17.70) 



0.305 (7.747) 



0.285 (7.239) 



0.110 (2.790) 
0.092 (2.336) 



34-Lead SOL 



PIN NO.1 
BEVEL 



— *j |^— 0.050 TYP. (1 .270) 

nnnnnnnnnnnnnnnn 



uuuuuuuuuuuuuuuu 

0.820 (20.828) 



0.795 (20.193) 



J 

0.405 (10.287) 
0.385 (9.779) 



0.110(2.790) 
0.092 (2.336) 



0.420 (10.668) 



32-Lead SOW 



RRHRRRRRRRRRRRRRRR 



FFBW¥¥¥¥¥¥¥¥¥¥¥¥¥ 

0.604(15.354) 



0.584(14.846) 



0.305 (7.747) 0.420(10.668) 



0.285 (7.239) 0.390 (9.906) 

_i_ I 



0.110(2.790) 
0.092 (2.336) 



0.030 (0.75) TYP. 0.0315 (0.80) TYP. 0.01 6(0 .40) TY 



36-Lead SOM 
(Fine Pitch) 
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Package Information 



PIN NO.1 
BEVEL 



RRRRRRRRRRRRRRRRRR 



yyyyyyyyyyyyyyyyyy 

0.730 (18.542) 



0.710(18.034) 



0.305 (7.747) 0.420 (10.668) 



0.285 (7.239) 0.390 (9.906) 



44-Lead SOM 
(Fine Pitch) 



0.0875 
0.1054 



(2-223) 4 f 
(2677) 1 £ 



—j L— 0.030 (0.75) TYP. — ^\ 0.0315(0. 



.80) TYP- 



0.010(0.254) 
^~ .003 (0.076) 



T2 



-0.016(0.40) TYP. 



NOTE: Dimensions are in mm 



Package Information 

0.77(0.030) \^^5C^P 
\ 0.53(0.021) 

nnnnnnnnnn 



uuuuuuuuu 

7.2S (0.285) 



nnnnnnnnnnnn 



uuuuuuuuuuuu 



7.9(0.311) 
7.7 (0.303) 



5.5(0.216) 



ZZrl ] yftft pppnnnn Li- 

_Ji L 0016 (M> 



20-Lead VSOP 



24-Lead VSOP 



NOTE: Dimensions are in mm 



Package Information 
VTSOP 

— «j 0.65 BSC 

n n n n n n n n 



iUUUUUUUUUU 



PIN NO.1 
BEVEL 



J 



J L*_ 0.30(0.012) 4 
0.18(0.003) ' 



-■I h] 



8(0.003) 

20-Lead VTSOP 

12-22 



Small Form Factor Package Selector Guide 
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Small Form Factor Package Selector Guide 



Small Outline Packages 



PACKAGE TYPE ACTUAL SIZE BODY SIZE LAYOUT AREA mm* 
(AREA) (PITCH) mm 



16 SON 
16 SOL 
20 SOL 
24 SOL 
20 SOV (VSOP) 

24SOV{VSOP) 

^^^^^^^^^^^^^^^^^^^^ 

36 SOM (SSOP) 
44 SOM (SSOP) 



9.8x3.9(1.27) 9.8x6.0 = 58.8 



10.2x7.5(1.27) 10.2 x 10.2= 104 



1 2.8 x 7.5 (1 .27) 1 2.8 x 1 0.2 = 1 30.6 



15.4x7.5(1.27) 15.4x10.2=157 



7.2x5.4(0.65) 7.2x7.9 = 56.9 



7.8 x 5.6 (0.65) 7.8 x 7.9 = 59.3 



15.1 x 7.5 (0.8) 15.1 x 10.2 =154 



18.3x7.5(0.8) 18.3x10.2=186.7 



ACTUAL SIZE HEIGHT 
(HEIGHT) mm 



1.65 



2.54 



2.54 



2.54 



1.9 



1.25 



2.54 



2.54 



= Actual Body Size: 



• Full Layout Area All dimensions are nominal values. 
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Section 



North American 

Regional Offices & Sales Representatives 



NORTHWEST I 

HEADQUARTERS 

Jon Tammel, Area Manager 
Silicon Systems, Inc. 
2001 Gateway Place 
Suite 301 East 
San Jose, CA 95110 
Ph: (408) 453-7811 
FAX: (408) 453-5988 

CALIFORNIA 

Magna Sales 
Santa Clara 
Ph: (408) 727-8753 
FAX: (408) 727-8573 

MINNESOTA 

OHMS Technology, Inc. 
Minneapolis 
Ph: (612) 932-2920 
FAX: (61 2) 932-2918 

OREGON 

Western Technical Sales 
Beaverton 
Ph: (503) 644-8860 
FAX: (503) 644-8200 

WASHINGTON 

Western Technical Sales 
Bellevue 

Ph:(206) 641-3900 
FAX: (206) 641-5829 
Spokane 

Ph: (509) 922-7600 
FAX: (509) 922-7603 

SOUTHWESTERN I 

HEADQUARTERS 

Larry Cleland, Area Manager 
Silicon Systems, Inc. 
14351 Myford Road 
Tustin, CA 92680 
Ph: (714) 832-5310 
FAX: (714) 832-5247 
Colorado Sales Office 
Howard Barlow 

3445 Penrose Place, Suite 140 
Boulder, CO 80301 
Ph: (303) 440-9780 
FAX: (303) 440-9783 

ARIZONA 

Western High Tech Marketing, Inc. 

Scottsdale 

Ph: (602) 860-2702 

FAX: (602) 860-2712 

CALIFORNIA 

Hadden Associates 
San Diego 
Ph: (619) 565-9444 
FAX: (619) 565-1802 
SC Cubed 
Thousand Oaks 
Ph: (805) 496-7307 
FAX: (805) 495-3601 

Tustin 

Ph: (714) 731-9206 
FAX: (714) 731-7801 



COLORADO 

Lange Sales 
Littleton 

Ph: (303) 795-3600 
FAX: (303) 795-0373 

Colorado Springs 
Ph: (719) 632-8340 
FAX: (719) 632-8419 

MONTANA 

Lange Sales 
Boise, ID 

Ph: (208) 323-0713 
FAX: (208) 323-0834 

NEW MEXICO 

Western High Tech Marketing, Inc. 

Albuquerque 

Ph: (505) 884-2256 

FAX: (505) 884-2258 

TEXAS 

OM Associates, Inc. 
Austin 

Ph: (512) 794-9971 

FAX: (512) 794-9987 

Richardson 

Ph: (214) 690-6746 

FAX: (214) 690-8721 

Houston 

Ph: (713) 789-4426 
FAX: (713) 789-4825 

UTAH 

Lange Sales 
Salt Lake City 
Ph: (801) 487-0843 
FAX: (801) 484-5408 

EASTERN ■■■■■■■ 

HEADQUARTERS 

Wayne Taylor, Area Manager 
Silicon Systems, Inc. 
53 Stiles Road 
Salem, NH 03079 
Ph:(603) 898-1444 
FAX: (603) 898-9538 

Georgia Sales Office 
Dan Kilcourse 
Ph: (404) 409-8405 
FAX: (404) 368-1060 

Automotive Sales (Detroit): 
Fabian Battaglia 
108 E.Grand River, Suite 6 
Brighton, Ml 481 16 
Ph: (313) 229-2811 
FAX: (313) 229-3266 

ALABAMA 

Technology Mktg. Assoc. (TMA) 
Huntsville 

Ph: (205) 883-7893 
FAX: (205) 882-6162 

CONNECTICUT 

Orion Group 

Southington 

Ph: (203) 621-8371 

FAX: (203) 628-0494 

FLORIDA 

Technology Mktg. Assoc. (TMA) 
Orlando 

Ph:(407) 671-2245 
FAX: (407) 671-4117 



Deerfield Beach 
Ph: (305) 427-1090 
FAX: (305) 427-1626 

Largo 

Ph: (813)531-4405 
FAX: (813) 535-9044 

GEORGIA 

Technology Mktg. Assoc. (TMA) 
Norcross 

Ph: (404) 446-3565 
FAX: (404) 446-0569 

ILLINOIS 

Circuit Sales, Inc. 
Itasca 

Ph: (708) 773-0200 
FAX: (708) 773-2721 

INDIANA 

Arete Sales, Inc. 
Fort Wayne 
Ph: (219) 423-1478 
FAX: (219) 420-1440 

Greenwood 

Ph: (317) 882-4407 

FAX: (317) 888-8416 

Micro Components, Inc. 

Kokomo 

Ph: (317) 454-6988 
FAX: (317) 454-6987 

IOWA 

Cahill, Schmitz&Howe 
Cedar Rapids 
Ph: (319) 377-8219 
FAX: (319) 377-0958 

KANSAS 

B.C. Electronics 
Kansas City 
Ph: (913) 342-1211 
FAX: (913) 342-0207 

KENTUCKY 

Arete Sales, Inc. 
Greenwood, IN 
Ph: (317) 882-4407 
FAX: (317) 888-8416 

MARYLAND 

Burgin-Kreh Associates 
Baltimore 

Ph: (410) 265-8500 
FAX: (410) 265-8536 

MASSACHUSETTS 

Mill-Bern Associates 
Woburn 

Ph: (617) 932-3311 
FAX: (617) 932-0511 

MICHIGAN 

Trilogy Marketing, Inc. 
Bloomfield Hills 
Ph: (313) 338-2470 
FAX: (313) 338-6720 

MISSOURI 

rush & west associates, inc. 
St. Louis 

Ph: (314) 965-3322 
FAX: (314) 965-3529 

NEW JERSEY -NORTH 

Technical Marketing Group 
West Caldwell 
Ph: (201)226-3300 
FAX: (201)226-9518 



NEW JERSEY -SOUTH 

Omni Sales 
Erdenheim, PA 
Ph: (215) 233-4600 
FAX: (21 5) 233-4702 

NEW YORK 

Electra Sales 

Rochester 

Ph: (716) 427-7860 

FAX: (716) 427-0614 

East Syracuse 
Ph: (315) 463-1248 
FAX: (315) 463-1717 
Technical Marketing Group 
Melville 

Ph: (516) 351-8833 
FAX: (51 6) 351-8667 

NO. CAROLINA 

Technology Mktg. Assoc. (TMA) 
Raleigh 

Ph: (919) 872-5104 
FAX: (919) 872-5086 

OHIO 

Makin Associates 
Cincinnati 

Ph: (513) 871-2424 
FAX: (513) 871-2524 

Dublin 

Ph: (614) 793-9545 
FAX: (614) 793-0256 

Solon 

Ph: (216) 248-7370 
FAX: (216) 248-7372 

PENNSYLVANIA 

Omni Sales 

Erdenheim 

Ph: (215) 233-4600 

FAX: (215) 233-4702 

VIRGINIA 

Burgin-Kreh Associates 
Refer calls to 
Burgin-Kreh, Maryland 

WISCONSIN 

Circuit Sales, Inc. 

Brookfield 

Ph: (414) 784-7773 

FAX: (414) 784-4528 

CANADA I 

BRITISH COLUMBIA 

Enerlec 
Richmond 
Ph: (604) 273-0882 
FAX: (604) 273-0884 

ONTARIO 

Har-Tech 
Downsview 
Ph: (416) 660-3419 
FAX: (416) 660-5102 

Nepean 

Ph: (613) 726-9410 
FAX: (613) 726-8834 

QUEBEC 

Har-Tech 
Pointe Claire 
Ph: (514) 694-6110 
FAX: (514) 694-8501 
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International 

Distributors & Sales Representatives 



EUROPE I 

HEADQUARTERS 

Neil Harrison, Area Manager 
Silicon Systems, Europe 
The Business Centre 
Gor-ray House 

758-760 Great Cambridge Rd. 
Enfield 

Middlesex EN13RN 
England 

Ph: (44) 81-443-7061 

FAX: (44) 81-443-7022 

TLX: 825824 BUSTEC G (ref. ENFIELD) 

AUSTRIA 

Codico GMBH 
Wien 

Ph: (43) 222-86-24-28 
FAX: (43) 222-86-32-57 
BELGIUM 

Alcorn Electronics BVBA 
Kontich 

Ph: (32) 3-458-3033 
FAX: (32) 3-458-3126 

DENMARK 

C-88 
Kokkedal 

Ph: (45) 4224-4888 
FAX: (45) 4224-4889 

ENGLAND 

Magna Technology (Rep. Sales only) 

Swallowfield, Brookshire 

Ph: (44) 73-488-0211 

FAX: (44) 73-488-2116 

Pronto (Distribution Sales only) 

llford, Essex 

Ph:(44) 81-554-6222 

FAX: (44) 81-518-3222 

TLX: 895-421 3 PRONTO G 

Siretta Microelectronics L TD 

(Distribution Sales only) 

Ph:(44) 73-475-6121 

FAX: (44) 73-475-1225 

FINLAND 

Komdel Oy 

Espoo 

Ph: (358) 0-5023200 
FAX: (358) 0-5023294 
TLX: 121 926 KOMDL SF 

FRANCE 

Datadis, SA 
Massy Cedex 
Ph: (33) 1-69-20-41-41 
FAX: (33) 1-69-20-49-00 
TLX: 6031 67 F 

GERMANY 

Atlantik Elektronik GmbH 
Martinsried 
Ph: (49) 89-857-0000 
FAX: (49) 89-857-3702 
GREECE 

Peter Caritato & Associates, Ltd. 
Athens 

Ph: (30) 1-902-0115 
FAX: (30) 1-901-7024 
TLX: 216-723 CARI GR 



IRELAND 

Memec Ireland, Ltd. 
Limerick, Republic of Ireland 
Ph: 353-61-411842 
FAX: 353-61-411888 

ITALY 

Cefra S.p.A. 
Milano 

Ph: (39) 2-9530-2777 
FAX: (39) 2-9530-2780 

THE NETHERLANDS 

Alcorn Electronics BV 
2908 LJ Capelle A/D IJSSEL 
Ph: (31) 10-451-9533 
FAX: (31) 10-458-6482 
TLX: 26160 
NORWAY 
Hans H. Schive 

Ph: (47) 66-900-900 
FAX: (47) 66-904-484 
TLX: 19124 SKIVE N 

PORTUGAL 

Diode 
Lisbon 

Ph: (351) 1-571390 
FAX: (351) 1-534987 

SPAIN 

Diode 
Madrid 

Ph: (34) 1-555-3686 
FAX: (34) 1-556-7159 
TLX: 421 48 DIODE E 

SWEDEN 

Bexab Technology AB 
Taby 

Ph: (46) 8-630-8800 
FAX: (46) 8-732-7058 
TLX: 136888 BEXTES 
SWITZERLAND 
EllypticAG 
Zurich 

Ph: (41) 1-493-1000 
FAX: (41) 1-492-2255 
TWX: 822-542 ELYP CH 
YUGOSLAVIA 
EllypticAG 
Maribor 

Ph: (38) 62-24561 

AFRICA & MIDDLE EAST Hi 

Monte Vista International 

5976 W. Las Positas Blvd., Suite 220 

Pleasanton, CA 94588 U.S.A. 

Ph: (510) 463-8693 

FAX: (510) 463-8732 

ISRAEL 

Rapac Electronics 
Tel Aviv 

Ph:(972) 3-6477115 
FAX: (972) 3-493272 
TLX: 342173 RAPAC I L 

TURKEY 

Inter 
Istanbul 

Ph: (90) 1-349-9400 
FAX: (90) 1-349-9430 



RUSSIA 

P.T.G. 

Laguna Beach, California 
Ph: (714) 499-6736 

FAR EAST I 

(excluding Japan) 
HEADQUARTERS 

K. S. Ong, District Sales Manager 

Silicon Systems, Singapore 

3015AUbi Road 1, #01-01 

Kampong UBI Industrial Estate 

Singapore 1440 

Ph: (65) 744-7700 

FAX: (65) 748-2431 

AUSTRALIA 

R&D Electronics 

Victoria 

Ph: (61)3-558-0444 
FAX: (61)3-558-0955 

HONG KONG 

CET, Ltd. 
Wanchai 

Ph: (852) 520-0922 
FAX: (852) 865-0639 

INDIA 

Digital Malhar (EMI) Ltd. 
Bombay 

Ph: (22) 287-2257 
FAX: (22) 287-4447 
U.S.A. Headquarters 
Malhaar Inc. 
Milpitas, CA 
Ph: (408) 263-7505 
FAX: (408) 263-7585 

KOREA 

Hanaro Corporation 
Seoul 

Ph: (82) 2-516-1144 
FAX: (82) 2-516-1151 
EASYLINK: 62057328 

MALAYSIA 

Dynamar Computer Products 
Penang 

Ph: 604-281860 
FAX: 604-281420 
Petaling Jaya 
Ph: 603-7767199 
FAX: 603-7767201 

NEW ZEALAND 

Apex Electronics, Ltd. 

Wellington 

Ph: (64) 4-387-8551 

Ph: (64) 4-387-8552 

FAX: (64) 4-387-8566 

SINGAPORE 

Dynamar Computer Products 
Ph:(65) 281-3388 
FAX: (65) 281-3308 
TLX: RS26283 DYNAMA 

TAIWAN 

Dynamar Taiwan Co., Ltd. 
Taipei 

Ph: (886) 2-777-5670 thru 5674 
FAX: (886) 2-777-5867 
TLX: 785-11064 DYNAMAR 



THAILAND 

Dynamar Computer Products 
Bangkok 

Ph:(662) 376-0132 
FAX: (662) 376-0133 

JAPAN HHMMHHHI 

SSi/TDKCORP. HEADQUARTERS 

Den Suzuki, Area Manager 
1-13-1 Nihonbashi, Chuo-Ku 
Tokyo 103, Japan 
Ph: (81)3-3278-5049 
FAX: (81) 3-3278-51 97 
TLX:J24270 
J26937 

JAPAN 

Internix 
Tokyo 

Ph: (81)3-3369-1105 
FAX: (81) 3-3363-8486 
TLX: 781-26733 

MEXICO ■■■■■■■ 

CHIHUAHUA &SONORA ONLY 

Western High Tech. Marketing 

Albuquerque, New Mexico 

Ph: (505) 884-2256 

FAX: (505) 884-2258 

All other areas: 

SONIKA 

Mexico City 

Ph: (52) 5-754-6480 

FAX: (52) 5-752-2787 

Guadalajara 

Ph: (52) 36-474250 

FAX: (52) 36-473433 

SOUTH AMERICA 

ARGENTINA 

YelS.R.L 
Buenos Aires 
Ph: (54) 45-7163 
FAX: (54) 1-440-1533 
BRAZIL 
Hitech 
Sao Paulo 

Ph: (55) 11-531-9355 
FAX: (55) 11-240-6250 

CHILE 

Victronics, Ltd. 
Santiago Centro 
Ph: (56-2) 633-0237 
(56-2) 633-2787 
FAX: (56-2) 633-4432 
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North American 

Authorized Distributor Offices 

All locations are "Hall-Mark Electronics" except as noted. 



UNITED STATES I 

ALABAMA 

Huntsville 

Ph: (205)837-8700 

Nu Horizons 
Huntsville 

Ph: (205)722-9930 

ARIZONA 

Phoenix 

Ph: (602) 437-1200 

Aved, Inc. 
Phoenix 

Ph:(602) 951-9788 

CALIFORNIA 

Rocklin 

Ph: (916) 624-9781 

San Diego 

Ph: (619) 268-1201 

San Jose 

Ph: (408)432-4000 
Torrance 

Ph: (213)217-8400 
Tustin 

Ph: (714) 669-4100 

Aved, Inc. 

San Diego 

Ph: (619)558-8890 

FAX: (619)558-3018 

Aved, Inc. 
Tustin 

Ph: (714) 259-8258 

Western Microtechnology 
San Diego 
Ph: (619)453-8430 
FAX: (619) 453-1465 

Western Microtechnology 
Saratoga 

Ph: (408)725-1660 
FAX: (408) 255-6491 
(Sales Dept. FAX) 



COLORADO 

Englewood 

Ph: (303)790-1662 

CONNECTICUT 

Wallingford 

Ph: (203)271-2844 

Nu Horizons 

Ph: (203) 265-0162 

FLORIDA 

Clearwater 

Ph: (813)541-7440 

Orlando 

Ph: (407)830-5855 

Pompano Beach 
Ph: (305)971-9280 

GEORGIA 

Norcross 

Ph: (404) 447-8000 

Nu Horizons 
Norcross 

Ph: (404)416-8666 

ILLINOIS 

Wooddale 

Ph: (708) 860-3800 

INDIANA 

Indianapolis 

Ph: (317) 872-8875 

KANSAS 

Lenexa 

Ph: (913) 888-4747 

MARYLAND 

Columbia 

Ph: (301) 988-9800 

Nu Horizons 
Columbia 

Ph: (410)995-6330 

MASSACHUSETTS 

Billerica 

Ph: (617) 935-9777 



MICHIGAN 

Detroit 

Ph: (313)462-1205 

MINNESOTA 

Bloomington 

Ph: (612) 881-2600 

FAX: (612)881-9461 

MISSOURI 

St. Louis 

Ph: (314) 291-5350 

NEW JERSEY 

Mt. Laurel 

Ph: (609)235-1900 

Fairfield 

Ph: (201) 515-3000 

Nu Horizons 

Pine Brook 

Ph: (201)882-8300 

NEW YORK 

Ronkonkoma 

Ph: (516) 737-0600 

Rochester 

Ph: (716)425-3300 

Nu Horizons 
Amityville 

Ph: (516)226-6000 

Nu Horizons 

Rochester 

Ph: (716) 292-0777 

NORTH CAROLINA 

Raleigh 

Ph: (919)872-0712 

OHIO 

Solon 

Ph: (216) 349-4632 

Worthington 

Ph: (614) 888-3313 



OREGON 

Western Microtechnology 
Beaverton 

Ph: (503)629-2082 
FAX: (503)629-8645 

OKLAHOMA 

Tulsa 

Ph: (918) 254-6110 

PENNSYLVANIA 

Nu Horizons 

Mount Laurel, New Jersey 
Ph: (215)557-6450 

TEXAS 

Austin 

Ph: (512) 258-8848 
Dallas 

Ph: (214)553-4300 
Houston 

Ph: (713)781-6100 

UTAH 

Aved, Inc. 

Salt Lake City 

Ph: (801) 975-9500 

WASHINGTON 

Western Microtechnology 
Redmond 

Ph: (206) 881-6737 
FAX: (206) 882-2996 

WISCONSIN 

New Berlin 

Ph: (414)797-7844 

CANADA I 

ONTARIO 

Har-Tech Electronics 
Downsview 
Ph: (416)665-7773 

BRITISH COLUMBIA 

Enerlec 
Surrey 

Ph: (604) 273-0882 
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FILTER PRODUCTS SELECTOR GUIDE 













NOISE VOLTAGE (mV Rms) 




THD 










Device Number 


Cutoff Frequency 


Power Dissipation (mW) 


|: :: :^i;Bo6st!l 


Norm Out 


Norm Out 

. - IIWI III Vvl . 


Oiff Out 

.1/111. -.Will 


D'rffOut 


1 mVpp 




Group Delay 


Filter Type 


Packages 






Normal 


IJL 

;-;::; : :v::::W|^:,:x: . 








Boost 


Max Boost 


Input 


mm 


Variation 


|Uf| 


Available 




(MHz) 


(max) 


(max) 


(nam) 


(max) 


(max) 


(max): 


(max) 












SSI 32F8001 


9to27 


330 


3 


13 


3.5 


4 


4.7 


6.5 


1 


5 


4 


equi ripple 


16L, 16N 


SSI 32F8002 


6 to 18 


330 


3 


13 


3.5 


4 


4.7 


6.5 


1 


5 


3 


equi ripple 


16L, 16N 


SSI 32F8003 


5 to 13 


330 


3 


13 


3.5 


4 


4.7 


6.5 


1 


5 


3 


equi ripple 


16L, 16N 


SSI 32F801 1 


5 to 13 


440 


95 


9 


3.6 


4.4 


6.8 


8.1 


1 


5 


2 


Bessel 


16L, 16N 


SSI 32F8012 


6 to 15 


440 


95 


9 


3.6 


4.4 


6.8 


8.1 


1 


5 


2 


Bessel 


16L, 16N 


SSI 32F8020A 


1 .5 to 8 


226 


3 


9 


4 


4.0 


"7 C 


11 


1 


5 


3 


equi ripple 


16L, 16N 


SSI 32F8021 


1.5 to 8 


226 


3 


9 


4 


4.5 


N/A 


N/A 




5 


3 


equi ripple 


16L, 16N 


SSI 32F8022A 


1.5 to 8 


226 


3 


9 


4 


4.5 


7.5 


11 




5 


3 


equiripple 


16L, 16N 


SSI 32F8023 


1.5 to 8 


226 


3 


9 


4 


4.5 


N/A 


N/A 




5 


3 


equi ripple 


16L, 16N 


SSI 32F8030 


0.25 to 2.5 


230 


3 


9 


2 


2.2 


3.2 


3.8 




5 


3 


equiripple 


16L, 16N 



* Valid from 0.2 /c to 1 .75 /c for equiripple filters, 0.2 /c to /c for Bessel filters 
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FILTER PRODUCTS SELECTOR GUIDE (continued, 
Filters with Serial Port and DACs 













NOISE VOLTAGE (mVRms) 














Device Number 


Cutoff Frequency 


Power Dissipation (mW) 


Max Boost 


Norm Out 


Norm Uut 


urtt Out 


KffOut 


1 mVpp 


Supply 


Group Delay 


Fiber Type 


Packages 






Normal 


Idle 


m 


No Boost 








Input 

WiKSi 


Voltage 


Variation 


(LPf) 


Available 




(MHz) 


(max) 


(max) 


(nom) 


(max) 


(max) 


(max) 


(max) 




(%r 






SSI 32F8101 


9to27 


150 


5 


13 


3.5 


4.5 


5 


8.4 


l 


5 


3 


equiripple 


16N,20V 


SSI32F8102 


6 to 18 


150 


5 


13 


3.5 


4.5 


5 


8.4 


l 


5 


3 


equi ripple 


16N,20V 


SSI 32F8103 


4to 12 


150 


5 


13 


3 


5 


3.4 


6.7 


l 


5 


3 


equiripple 


16N,20V 


SSI32F8104 


3to9 


150 


5 


13 


3 


5 


3.4 


6.7 


l 


5 


3 


equiripple 


16N,20V 


SSI32F8120 


1.5 to 8 


410 


70 


10 


3 


4 


6 


9 


1.5 


5 


3 


equiripple 


16L, 20V 


SSI32F8130 


0.25 to 2.5 


385 


6 


10 


1.9 


2 


2.7 


3.4 


1 


5 


3 


equiripple 


16L 


SSI 32F8131 


0.15 to 1.4 


385 


6 


10 


1.9 


2 


2.7 


3.4 


1 


5 


3 


equiripple 


16L 


SSI 32F8144" 


7to27 


550 


66 


9 


4 


6 


6 


9 


1 


5 


3 


equiripple 


20V, 20L 



* Valid from 0.2 /c to 1 .75 /c for equiripple filters, 0.2 fc to /c for Bessel filters 
** The F8 1 44 has a programmable gain from 1 to 1 00 V/V 
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Data Synchronizer Family 
Application Notes 



January 1993 

REFERENCE OSCILLATOR 

An internal reference oscillator generates the standby reference for the PLL. A series resonant crystal should be 
used between XTAL1 and XTAL2. If a crystal oscillator is not desired, then an external AC coupled ECL source 
may be applied to XTAL1, leaving XTAL2 open. A TTL compatible reference may also be used if suitably 
attenuated. 

If it is desired to operate a crystal at a non-fundamental or harmonic frequency, then the following network is 
suggested: 



XTAL 1 XTAL 2 




The typical input impedance looking into XTAL1 is approximately Rin = 250£1 It is recommended to design the 
value of Qo at approximately 1 to 1 5. Therefore, a resonant frequency of Fo = 20 MHz would result in L = 0. 1 6 u.H 
and C = 380 pF. 



ATTENUATOR CIRCUIT 

If a crystal oscillator is not desired, then an external TTL Compatible reference may be applied to XTAL1 leaving 
XTAL2 open. It is required, however that the TTL signal be attenuated then A.C. coupled into XTAL1 using the 
following network: 

R 1 0.1 nF 

Vin (p-p) TTL CLOCK INPUT J> — AAAA 1 1 1 [Z XTAL1 = 10V " 2 V PP 

1.5 

Rp =— — Ri =1.0 — Rp 

R 2 V, N (p-p) 

R 1 = R 2 =(kQ) 



The signal amplitude into XTAL1 should be attenuated to approximately 1.0 to 2.0 Vp-p; this will insure that the 
transients associated with TTL switching characteristics won't couple into the data synchronizer and degrade 
performance. 
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Data Synchronizer Family 
Application Notes 



LOOP FILTER 



The performance of the data synchronizer is directly related to the selection of the loop filter. The loop filter 
characteristics should be optimized for: 

(A) Fast Acquisition 

The ability of the loop to quickly obtain lock when the input signal to the Phase Detector is switched 
between the reference oscillator (crystal) and the Read Data (RD). Fast acquisition implies a large loop 
bandwidth so that it can quickly respond to changes at the input. 

(B) Data Margin 

The ability of the loop to ignore bit shifts (jitter) and maintain a well centered window about the data pulse 
train. In general, it is not desirable to allow the loop to respond to a single shifted bit as this would cause 
the subsequent bit to be poorly centered within its window and possibly cause an error. This requirement 
implies a small loop bandwidth reducing the sensitivity to high frequency jitter. 

(C) Data Tracking 

The ability to respond to instantaneous changes in phase and frequency of the data. This can be a result 
of such phenomena as disk rotational speed variations which cause changes in the characteristics of the 
incoming data stream. In general, this requirement is consistent with that of fast acquisition, however, this 
depends upon the application. 

Although the loop performance characteristics place conflicting requirements on the loop bandwidth, the 
architecture of the Silicon Systems data synchbronizer family significantly simplifies the design by minimizing the 
"step in phase" and "step in frequency" encountered when switching the Phase Detector input reference signal. 
A zero phase restart technique is employed to minimize the initial phase error while the standby reference oscillator 
keeps the VCO at the center frequency during non-read modes. 

One approach in determining the initial loop filter selection is to consider the requirements imposed during 
acquisition. This includes both acquiring lock to the crystal reference in non-read modes, as well as locking to the 
preamble field prior to decoding data. The format of the sector will dictate which of these two criteria imposes the 
tightest restriction on acquisition. 

The requirements for acquiring lock to the crystal oscillator are application specific and usually depend upon the 
length of the Write Splice gap. Therefore, the design approach employed in this analysis will be based upon the 
requirements during acquisition to the preamble field. The length (in time) of the preamble field is set by the data 
synchronizer's locking sequence. Knowing this length in time, and that our initial phase error is less than 0.5 
radians, we can determine an acceptable loop bandwidth (con) and damping factor (Q. 
One possible loop filter configuration is as follows: 




lin 
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The role of C1 is as an integrating element. The largerthis capacitance, the longer the acquisition time; the smaller 
the capacitance, the greater the ability to track high frequency jitter. The resistor R reduces the phase shift induced 
by C1 . The capacitor C2 will suppress high frequency transients and will have minimal effect on the loop response 
if it is small relative to C1 (typically C2 = C1/1 0) 



The loop filter transfer function is: 



If C2 «C1,then: 



F(s) 



Vout 



1 +sRC! 



lin sCijl+sCa R+C 2 /C,) 
F(s)=y°ut- 1+sRCl 



lin sCt 

The overall block diagram for the phaselock loop can be described as: 



9in(s) ►© ►! KD 

▲ _ 1 



F(s) 



KVCO 



9 OUt (S) 



Where: 



KD = Phase Detector gain [A/rad] 
F(s) = Loop filter impedance [V/A] 
KVCO/s = VCO control gain [rad/s V] 

N = The ratio of the reference input frequency to the VCO output frequency 



The closed loop transfer function is: 
T(s)= 



KD • KVCO[ ( 1+ sRCt ) / C, ] 



0out(s) _ G(s) 

0n(s ) = 1 + GH(s ) = S 2 + s[N . KD .KVCO.R] + N - KD - KVCO 



by putting the characteristic equation (denominator) in the form of: 

2 <L 

S +2s£con+a>n 



we can solve for con and £ to get: 



' N-KD-KVCO Y N-KD-KVCO-R 



C1 



20)n 



Now we can solve for R, C1 and C2: 



C1 = 



N-KD-KVCO 



(On 



R = - 



2Ccon 



N-KD-KVCO 



c 2 =^ 

2 10 



where: con = loop bandwidth and, loop damping factor 
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Because of the nature of Run Length Limited (RLL) codes, the Phase Detector will only be enabled during a data 
pulse. This technique allows the VCO to run at a center frequency with period, TVCO, equal to one encoded data 
bit cell time. 

Figure 1 represents the relationship between the VCO output when locked to various Phase Detector input signals. 



vco OUTPUT 

REFERENCE OSCILLATOR 
INPUT 



'3T INPUT 



•4T INPUT 



'8T INPUT 



FIGURE 1 : Relationship of VCO Output to Phase Detector Input 

The average amplitude of the Phase Detector gain depends upon the Phase Detector input signal. When the PLL 
is locked to the reference oscillator, the Phase Detector is continuously enabled and the gain is at its maximum. 
When the PLL is tracking data and the input is an "8T" pattern, then the Phase Detector gain is at its minimum. 
The following indicates the value of "IT for various input conditions: 

N = 1 .0 for Gin = reference oscillator 
N = 0.33 for Gin = 3T (100) preamble field 
N = 0.25 for Gin = 4T (1000) 
N = 0.125 forGin = 8T 

Throughout this analysis the PLL has been considered as a continuous time system. I n actuality the characteristics 
of the Phase Detector result in a sampled data system. By utilizing an integrating loop filter to average and smooth 
the Phase Detector charge pump output pulses, this analogy should be reasonable. 

Determining an acceptable amount of phase error after locking to the preamble field depends upon the system 
requirements. In addition, it may be necessary to consider the effects of frequency steps in applications where 
motor speed control tolerances are significant. Generally, an acceptable amount of error is defined to be that 
amount which when added to all other timing error contributors, results in the data being within its timing window 
by the required margin. 

In general, it is desirable to have the loop damping factor %" between 0.5 and 1 .0 during acquisition. For a high 
gain, second-order loop this results in minimal noise bandwidth. 



— H tvco h— 
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Figure 2 represents the phase error's response in time to a transient step in phase as a function of the loop 
bandwidth and damping factor. Figure 3 indicates the response of the VCO control voltage to compensate for this 
step in phase. 




1 2 3 4 5 6 7 

G)nt 



FIGURE 2: Transient Phase Error 6e(t) Due To a Step In Phase A6 



0.8 
0.7 

cc 0-6 
O 

uj 

m 0.4 
^ 0.3 

s °- 2 

M 

□ 0.1 

I o 
o 

Z -0.1 
-0.2 
-0.3 

( 














































































































c 




o.: 


































































\ 






/ 


; = o.5 
































































\ 






/ 






0. 


7 


































































< 




\ 


























































t 




















\ 
























































i 
















— - 


7 
















































































































































;-2. 
;-5. 


J ' 

3 


', 


















\ 




















































3 ' 








































































1 1 1 1 


































































) 1 2 3 4 5 6 7 8 

COnt 



FIGURE 3: Transient Phase Error 6e(t) Due to a Step In Frequency Aco 
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DATA RECOVERY APPLICATIONS 

DETERMINING LOOP FILTER COMPONENTS 

What follows is a method to calculate loop filter components based on the acceptable phase error when the VCO 
switches from the reference frequency to read data. 

To determine the maximum time the VCO has to lock from the reference frequency to read data, the equation is: 
Tmax = Ln • 'xT/(DR-M) 

DR is the data rate and Tmax is the amount of time the Phase Lock Loop (PLL) has to settle to within an acceptable 
amount of error before tracking and decoding data. Ln, *xT and M are variables that are device dependent and 
are defined tin Table 'A'. It is important to note it follows from the above equation that the locking time from the 
reference frequency (crystal oscillator) to read data is fixed and is not dependent on the length of the preamble 
field. Although, any additional preamble field will allow more time for the PLL to settle out before starting to decode 
data. 



Table A 



DEVICE 


MODE 


PREAMBLE ('xT') 


Ln 


M 


537X 




3 


16 


1.5 


539X 




3 


16 


1.5 



DEVICE: An X implies a family of devices, for instance 537X includes the 5371 , 5372, 5373 and 5374 

MODE: This is 'SS' for soft sector and 'HS' for hard sector application. implies that there is no difference between 
hard sector or soft sector applications. 

PREAMBLE ('xT'): Depending on the mode, the preamble could be a '3T' (xT = 3) or '4T' (xT'= 4). 

Ln: This is the number of read data transitions that the device counts within the preamble to allow for VCO lock. 
The transitions are assumed to be part of a uniform preamble field. 

M: This factor times the Data Rate determines the frequency of read data. It is also the code rate. For instance, 
for the 537X, if the data rate is 20Mbit/s then the read data frequency would be 20 • M = 20 • 1 .5 = 30 Mbit/s. 

Example; 

Assuming a SSI 32D5372 running at a data rate of 20Mbit/s, 
tmax = 16- 3/(20E6 • 1 .5) = 1 .6 us 

Therefore, the PLL has 1 .6 us to settle within an acceptable amount of error before tracking and decoding data. 

To determine the components of the loop f ilter, the next step is to calculate the typical phase detector gain (Kd) 
and VCO control gain (KVCO) of the specif ic data synchronizer device. 
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In Table B is the typical Kd and KVCO equations of the current data synchronizer family, check the latest product 
data sheet to ensure that the equations have not changed during the product characterization cycle. 

Table B 



DEVICE 


Kd hiA/rad) 


KVCO 


5371/2 


660/(RR + 0.53)* 


0.20 • 2 • ti/(2To)** 


5373/4 


660/(RR + 0.53)* 


0.20 • 2 • ti/(2To) 


539 


750/(RR + 0.42)* 


0.20 • 2 • k/To 


5392 


220/(RR + 0.53)* 


0.20 • 2 • tc/To 


5393 


660/(RR + 0.53)* 


0.20 • 2 • ti/To 



Where: To: is the VCO Center frequency period 

RR: is the reference resistor connected to the IR pin 
KD: is normalized for a 1 F read data pattern 

*Note: This device switches the phase detector gain between read and non-read modes to optimize locking 
between the reference frequency and read data (and back again.) The equation given in the table is for read mode. 

**Note: The VCO frequency in this device is divided by two before entering the phase detector. The additional '2' 
in the denominator normalizes KVCO for the following loop filter equations. 

***Note: A reference current, Iref , may be used instead of RR. These two are associated by the following equation 
RR = (Vcc - 0.7)/lref - r. "r H is the constant added to RR in the equation for KD. 

In general, it is desirable to have the loop damping factor between 0.5 and 1 .0 during acquisition. For a high 
gain, second-order loop this results in minimal noise bandwidth. 

To determine the bandwidth co n , one must decide what the acceptable phase error will be when the PLL switches 
from the reference frequency to read data after the locking time, Tmax, is complete. As shown in figure 2, with 
C = 0.7, choosing co n T = 2.3 the phase error will be at most 22% of the initial phase error, 7.5% at co n T = 4.0, etc. 
The bandwidth is then co n = (co n T)/Tmax; where Tmax is the settling time of the PLL calculated above. 

We now have enough information to calculate the loop filter components: 
C1 = N • Kd • KVCO/(co n ) 2 R = 2 • "C • co n /(N • KD • KVCO) C2 = C1/10 

where: 

Kd = Phase Detector gain (uA/rad) 
KVCO = VCO control gain (rad/s V) 

N = The ratio of the reference input frequency to the VCO output frequency. 
(For a '3T' preamble N = 0.33, '4T' preamble N = 0.25) 
w n = Acceptable loop bandwidth 
%" = Acceptable loop damping factor 

Example: 

SSI 32D5393 running at 40 Mbit/s. 
From Table A 

xT = 3; Ln = 16;M = 1.5 

Tmax = Ln • 'xT7(DR • M) = 1 6 • 3(40E6 • 1 .5) = 0.8 us 
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For this example, we want the acceptable phase error when the VCO Is switched from the reference frequency 
to read data to be less than 1 5% of the initial phase error. This results, from figure 2 and = 0.7, in a wn(Tmax) 
between 3 and 4. To simplify the results let co n (Tmax) = 3.2. Since the data synchronizer family employs a zero 
phase restart technique to reduce the initial phase error (a design goal of ± one rad is typical for the family.) The 
initial phase error has been characterized to be typically 6ns for the SSI 32D5362A. Thus the acceptable phase 
error will be 0.15 • 6 = 0.9 ns when the VCO is switched. 

G) n (Tmax) = 3.2 co n = 3.2/.8E-6 = 4 u/ad/s 

RR = (185/DR) - 1 .7 kQ = 2.925 kQ 

From Table B 

KD = 6600/(RR + 0.53) = 191 urad/s 

KVCO = 0.2 • 2 • tc/To = 0.2 • 2 • tc/(1 .67E - 9) = 75.4 u/ad/S (s • V) 
C1 = N • KVCO • KD/(co n )2 = 0.33 • 75.4 • 191/(4E6)2 = 297pF 
C2 = C1/10 = 29.7pF 

R1 = 2 • X ' • KD • KVCO) = 2 • 0.7 • 4E6/(0.33 • 191 • 75.4) = 1 178Q 



LAYOUT CONSIDERATIONS 

As with other high frequency analog devices the SSI 32D5371/72 requires care in layout. The designer should 
keep analog signal lines as short as possible and well balanced. Use of a ground plane is recommended, along 
with supply bypassing to separate the SSI 32D5371/72, and associated circuitry, from other circuits on the PCB. 

The following is a list of recommended component values based on the above calculations. It is important to note 
that these values should be considered a starting point in designing a loop filter for a specific drive application, 
the optimal bandwidth and requirements for re-locking back to the reference frequency after read mode has been 
terminated have not been considered. 



32D5371/5372 



DATA RATE 
(Mbit/s) 


DAMPING 
FACTOR, ? 


LOCK TIME 
tmax (|j,s) 




BANDWIDTH 
•"(S) 


KD 
(riff) 


KVCO 

(ft) 


EXTERNAL COMPONENT VALUES 


RR(kft) 


R(kQ) 


C 1 (PF) 


C 2(pF) 


10 


0.7 


3.2 


3.2 


1.0x10 6 


81.58 


18.84 


7.56 


2.76 


507 


50.7 


20 


0.7 


1.6 


3.2 


2x 10 6 


190.75 


37.68 


2.93 


1,18 


593 


59.3 



32D5373/5374 



DATA RATE 
(Mbit/s) 


DAMPING 
FACTOR, £ 


LOCK TIME 
tmax (jlls) 


a> n t 


BANDWIDTH 
""® 


KD 

(£) 


KVCO 

(ft) 


EXTERNAL COMPONENT VALUES 


RR(kft) 


R(kQ) 


C 1 (PF) 


C 2(pF) 


15 


0.7 


2.1 


3.2 


1.5X10 6 


81.58 


28.26 


7.56 


2.76 


338 


33.8 


32 


0.7 


1.0 


3.2 


3.2 x10 s 


207.96 


60.28 


2.64 


108 


404 


40.4 
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32D539 



DATA RATE 


DAMPING 


LOCK TIME 


co n t 


BANDWIDTH 
«"(£) 


KD 


KVCO 


EXTERNAL COMPONENT VALUES 


(Mbit/s) 


FACTOR,? 


tmax (^is) 


&) 


(ft) 


RR(kft) 


R(kQ) 


C 1 (PF) 


C 2(pF) 


36 


0.7 


0.89 


3.2 


3.6 x 10 6 


194.35 


67.82 


3.44 


1.16 


336 


33.6 


48 


0.7 


0.67 


3.2 


4.8X10 6 


291 .35 


90.43 


2.15 


0.77 


377 


37.7 


32D5392 


DATA RATE 


DAMPING 


LOCK TIME 


(o n t 


BANDWIDTH 
•"(S) 


KD 


KVCO 

(ft) 


EXTERNAL COMPONENT VALUES 


(Mbit/s) 


FACTOR,? 


tmax (^is) 


») 


RR(kQ) 


R(kQ) 


C 1 (PF) 


C 2(pF) 


36 


0.7 


0.89 


3.2 


3.6 x10 6 


55.41 


67,82 


3.44 


4.05 


99 


9.9 


40 


0.7 


0.80 


3.2 


4x 10 6 


63.68 


75.36 


2.92 


3.54 


96 


9.6 


32D5393 


DATA RATE 


DAMPING 


LOCK TIME 


(0 n t 


BANDWIDTH 


KD 


KVCO 

(ft) 


EXTERNAL COMPONENT VALUES 


(Mbit/s) 


FACTOR,? 


tmax (|xs) 


(S) 


RR(kQ) 


R(kQ) 


C 1 (pF) 


C 2(pF) 


36 


0.7 


0.89 


3.2 


3.6 x 10 6 


166.29 


67.82 


3.44 


1.35 


297 


29.7 


40 


0.7 


0.80 


3.2 


4x 10 6 


191.03 


75.36 


2.92 


1.18 


287 


28.7 
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* Note: 32D537X series and lower have a 3x VCO 

32D539X series has a 1 .5X VCO (no need for * 2) 



FIGURE 5: Typical Application 
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LAYOUT CONSIDERATIONS 

As with other high frequency devices the data synchronizer family requires care in layout. The designer should 
keep analog signal lines as short as possible and well balanced. Use of a ground plane is recommended, along 
with supply bypassing, to separate the data synchronizer device and associated circuitry from other circuits on 
the PCB. It is also recommended that an inductor (~0.3|iH) be placed in series with the analog supply which 
supports the VCO circuitry on the higher data rate (1,7) RLL products. This is generally VPA1, but check the 
application diagram in the specific product data sheet for more information. This additional filtering has been 
shown to be effective in reducing VCO jitter, which can degrade window margin performance. 



TEST POINTS 

The SSI 32D5362A, 5371/5372/5373/5374, 539 provide three (3) test points which can be utilized to evaluate 
windo w marg in characteristics. 

(a) DRD, delayed read data - the positive edges represent the data bit position 

(b) VCO REF, the VCO reference which represents the input to the Phase Detector, synchronizer, and 1,7 
decoder 

(c) VCO CLK, the VCO clock output which represents the output of the VCO 
The following figure describes the relationship between the various test points: 



drTJ 

VCO CLK 
VCO REF 




FIGURE 6: Test Point Relationships 



No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders. 

Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680, (714) 573-6000, FAX: (714) 573-6914 

0193 - rev 14-13 ©1990 Silicon Systems, Inc. 

Protected by Patent No. (4,803,445) 
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INTRODUCTION 

Analog filtering is a universal requirement in any signal 
processing system. Filter design is now made easy 
with the programmable filters from Silicon Systems 
Inc. Whetherthe requirement is a fixed filtering charac- 
teristic or a programmable response, this family of 
programmable filters offers distinct advantages of de- 
sign simplicity, accuracy, versatility and board space 
saving. Additional features, such as high frequency 
boost, differentiated outputs, are also available. This 
application note focuses on the SSI 32F8001 , cutoff 
frequency programmable from 9-27 MHz. 



SSI 32F8001 
Programmable Electronic Filter 



Application Note 



December 1992 
The objectives of this application note are: 

• To present a description of the SSI 32F8001 

• To discuss its applications 

• To present a typical fixed response design 

• To present a programmable response application 



VIN+ 
VIN- 




^n/c Y GNP ^vcc "'^i 



VO_NORM+ 
VO NORM- 



VO_DIFF+ 
VO DIFF- 



VPTAT 



+ PWRON 



FIGURE 1: Block Diagram 



1292 -rev. 



S+S 1.68495+ 1.31703 



-KS 2 



S*+S 1.68495 +1.31703 



2.95139 



S 2 +S 1.54203 + 2.95139 



5.37034 



S 2 +S 1.14558 + 5.37034 



Transfer Function normalized for co = 2 n fc = 1, 
fc - cutoff frequency 
AN and AD are adjusted for unity gain (0 dB) at f = .067 fc 
Frequency scaling s = s / 2 n fc 
Eq. for fc = 27 MHz, s = s/[2rc) (27 x 10 6 )] 



DIFF 



FIGURE 2: The SSI 32F8001 Transfer Function 
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1.0 DESCRIPTION 

The SSI 32F8001 is a programmable 7-pole 0.05° 
equiripple linear phase low pass filter in a silicon bipolar 
integrated circuit. Figures 1 and 2 show the block 
diagram and the filter transfer function. 

The SSI 32F8001 cutoff frequency and high frequency 
boost can be independently controlled by two control 
signals. Two sets of filter outputs are available: normal 
low pass output and differentiated low pass output. As 
an equiripple linear phase type filter, the filter outputs 
exhibit constant group delay in the pass band and out 
to 1 .75 /c. Furthermore, the delays through the normal 
output and the differentiated output are well matched. 

The input and outputs of the SSI 32F8001 are differen- 
tial signals, requiring external AC coupling capacitors. 
The given transfer, function shows the relationship 
between the input and the two sets of outputs. Typical 
differential input resistance is 4 k£l 

1 .1 CUTOFF FREQUENCY PROGRAMMING 

The cutoff frequency, defined to be the -3dB corner 
frequency with no boost, can be programmed between 
9 - 27 MHz. It can be set by one of three methods: 

• A resistor can be inserted between the VPTAT 
and the VFP pins. This setting is only used for a 
fixed response design. The IFP pin should be left 
open. The design equation for this resistor value 
is: 

Rx (kQ) = 27//c (MHz) 
A design example is given in Section 4. 

• A current source input can be fed into the IFP pin. 
The VFP pin should be left open. A current source 
digital-to-analog converter (DAC), such as the 
DACF in the SSI 32D4661 Time Base Generator, 
allows a microcontroller to change the filter re- 
sponse dynamically. To achieve the highest ac- 
curacy the current source DAC should be refer- 
enced to the reference voltage at the VPTAT pin. 
The design equation for this current source value 
is: 

IFP (mA) = 0.0222 x/c (MHz) 
A design example is given in Section 4. 



• A current sink input can be fed into the IFP pin. A 
1 kQ resistor should be placed across the VPTAT 
and the VFP pins. With a current sink DAC, this 
design also allows a microcontroller to change the 
filter response dynamically. To achieve the highest 
accuracy and temperature stability, the current 
sink DAC should be referenced to the reference 
voltage at the VPTAT pin. The design equation for 
this current sink value is: 

IFP (mA) - 0.0222 x (27 - /c) (MHz) 
A design example is given in Section 4. 

1 .2 HIGH FREQUENCY BOOST CONTROL 

The high frequency boost function is especially desir- 
able for pulse slimming and magnitude equalization 
applications. This function can be enabled or disabled 
by a TTL logic input at the FBST pin. With FBST = '1 ' 
or open, the amount of high frequency boost, mea- 
sured at the cutoff frequency, can be programmed from 
to 13 dB at /c by a voltage input at the VBP pin. 
External resistors can be designed in for a fixed filter 
response. For a programmable high frequency boost, 
a voltage DAC, such as the DACS in the SSI 32D4661 
Time Base Generator, can be used to control the VBP 
pin. This input voltage should be made proportional to 
the reference voltage at the VPTAT pin for accuracy. 
The design equation for this control voltage is: 

VBP = VPTAT x (10 A (FB/20) - 1) / 3.46 where FB is in 
dB. 

Design example is given in Section 3. 

With a f inite boost, the magnitude response peaks at a 
frequency slightly higher than the original cutoff fre- 
quency. The effective pass band bandwidth is wider. 

1 .3 OTHER FEATURES OF THE SSI 32F6001 

The SSI 32F8001 features excellent constant group 
delay . At /c = 27 M Hz , the group delay variation from 0.2 
fc to fc is less than 0.5 ns. Furthermore, the high 
frequency boost function does not affect the group delay 
variation. Group delay variation is within ±3% out to 
1 .75 fc. 

In addition to the normal low pass output, the SSI 
32F8001 also provides a differentiated low pass output 
of the input signal. The signal delay is well matched to 
the normal output. 
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The SSI 32F8001 provides a reference voltage VPTAT 
for the DAC references. Because the internal filter 
control circuitry is referenced to VPTAT, the control 
current for filter cutoff frequency and control voltage for 
high frequency boost should be referenced to VPTAT. 

The SSI 32F8001 can be switched into a sleep mode, 
dissipating less than 3 mW, by a TTL input at PWRON. 

Two package options are available forthe SSI 32F8001 : 
1 6-lead SOL and 1 6-lead SON. The small feature size 
of the 1 6-lead SON package offers significant board 
space saving. 

2.0 APPLICATIONS 

A programmable filter is a versatile component in any 
signal processing system. Some areas of applications 
include fixed response filtering, variable data rate pro- 
cessing and adaptive equalization. 

For fixed response filtering applications, the SSI 
32F8001 offers a simple-to-use solution. The once 
complex design of cutoff frequency or magnitude equal- 
ization is now rendered to simple resistance calcula- 
tion. The narrow 16-pin small outline package offers 
significant board space economy. 

In variable data rate processing, a programmable filter 
can be used to optimize bandwidth and signal-to-noise 



;c *> 1 1 » 

C1 d=z dp C2 
0.01 tiF | I 0.1p.F 



tradeoff. One application is constant density recording 
for high capacity storage products. As the data rate 
increases from the inner tracks to the outer tracks, the 
filter cutoff frequency can be scaled accordingly to 
maximize the signal-to-noise performance. The high 
frequency boost function provides pulse slimming for 
accurate pulse detection. 

A programmable filter offers a revolutionary approach 
to adaptive equalization. In signal transmission appli- 
cations, an equalization f ilter is used to combat channel 
distortion. The magnitude of channel distortion is often 
not known a priori. Adaptive equalization can dynami- 
cally shape the equalization function. With an appropri- 
ate external adaptive sensing function, the cutoff fre- 
quency andthe highfrequency boost of the SSI 32F8001 
can be dynamically programmed through micropro- 
cessor control. 

3.0 FIXED RESPONSE DESIGN 
PROCEDURE 

This section suggests some design guidelines to apply 
the SSI 32F8001 as a fixed response filter. Figure 3 
shows the design schematic. Rx determines the filter's 
cutoff frequency, defined as the -3 dB frequency with 
no boost. The ratio of RB1 and RB2 determines the 
amount of high frequency boost. 



VO_NORM+ •> 



•>- 



N/C 


VO DIFF+ 


VO_NORM- 


VO_DIFF- 


VO NORM+ 


PWRON 


VCC1 


VPAT 


VIN- 


N/C 


VIN+ 


IFP 


VBP 


VFP 


FBST 


GND 




FIGURE 3: The 32F8001 Setup as a Fixed Response Filter 
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3.0 FIXED RESPONSE DESIGN 
PROCEDURE (continued) 

Given fc, cutoff frequency in MHz, and FB, high 
frequency boost in dB: 

• Rx can be calculated, as given in Section 1 . 
Rx (kQ) = 27//c(MHz) 

Voltage across Rx is 0.33 VPTAT. The current 
through Rx is 0.33 (VPTAT / Rx). 
Rx should be between 1 k£2 to 3 k£2, i.e., fc 
between 9 MHz to 27 MHz. 

• RB1/RB2 sets FB, and can be determined as 
follows: 

RB1 /RB2 = 3.46/(1 A ( FB/20) - 1) - 1 

• Total current drawn out of the VPTAT pin should be 

limited to 2 mA max. Thus,.RB1 and RB2 should be 
designed accordingly. 

• The IFP pin should be left open. 



4.0 PROGRAMMABLE RESPONSE 
DESIGN PROCEDURE 

This section suggests some design guidelines to apply 
the SSI 32F8001 as a programmable filter. The high 
frequency boost can be controlled by a voltage DAC 
driving the VBP pin. The VBP voltage should be be- 
tween and VPTAT. The cutoff frequency can be 
controlled by a current DAC. The application setup for 
using a current source DAC is different from the one 
using a current sink DAC. Both are presented below. 

4.1 PROGRAMMABLE FILTER USING A CUR- 
RENT SOURCE DAC 

Figure 4 shows the setup schematic of the SSI 32F8001 
using an external current source DAC to control the 
filter's cutoff frequency. 
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FIGURE 4: The SSI 32F8001 Setup Schematic Using a Current Source DAC for Cutoff 
Frequency Control 
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Design guidelines for the SSI 32F8001 : 

• The VFP pin should be left open. 

• Both the current source DAC and the voltage DAC 
should reference to VPTAT for accuracy. 

• The reference bias current drawn from VR should 
be less than 2 mA. 

• The current source output voltage compliance 
should be between 1 .1 V to 1 .8V. 

• The IFP current and the filter cutoff frequency are 
related as follows: 

/c (MHz) =45 xlFP(mA)x 

IFP should be between 0.2 mA to 0.6 mA with 
VPTAT = 1 .8V (at room temperature). 

• The VBP voltage and the high frequency boost are 
related as follows: 

FB = 20 x log (3.46 x VBP / VPTAT + 1) dB 



4.2 PROGRAMMABLE FILTER USING CURRENT 
SINK DAC 

Figure 5 shows the setup schematic of the SSI 32F8001 
using an external current sink DAC to control the filter's 
cutoff frequency. The high frequency boost control is 
the same as in Section 4.1. 

Some design guidelines: 

• Rx should be set to 1 kQ. between VPTAT and VFP. 

• Both the current source DAC and the voltage DAC 
should reference to VPTAT for accuracy and tem- 
perature stability. 

• The total current drawn from VPTAT should be 
less than 2mA. This includes the 0.6mA through 
Rx. Thus, the current sink DAC and the voltage 
DAC reference should not draw more than 1 .4 mA. 

• The current sink DAC output voltage compliance 
should be between 0.8V to 1 .4V. 

• The IFP current and the cutoff frequency are 
related as follows: VPTAT 

fc (MHz) = 27 - 45 x IFP (mA) x 18 

IFP should be between mA to 0.4 mA. 
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FIGURE 5: The SSI 32F8001 Setup Schematic Using a Current Sink DAC for Cutoff Frequency Control 
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INTRODUCTION 

Analog filtering is a universal requirement in any signal 
processing system. Filter design is now made easy 
with the programmable filters from Silicon Systems 
Inc. Whetherthe requirement is a fixed filtering charac- 
teristic or a programmable response, this family of 
programmable filters offers distinct advantages of de- 
sign simplicity, accuracy, versatility and board space 
saving. Additional features, such as high frequency 
boost, differentiated outputs, are also available. This 
application note focuses on the SSI 32F801 1 , cutoff 
frequency programmable from 5-13 MHz. 
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The objectives of this application note are: 

• To present a description of the SSI 32F801 1 

• To discuss its applications 

• To present a typical fixed response design 

• To present a programmable response application 
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1.0 DESCRIPTION 

The SSI 32F801 1 is a programmable 7-pole Bessel low 
pass filter in a silicon bipolar integrated circuit. Figures 
1 and 2 show the block diagram and the filter transfer 
function. 

The SSI 32F801 1 cutoff frequency and high frequency 
boost can be independently controlled by two control 
signals. Two sets of filter outputs are available: normal 
low pass output and differentiated low pass output. As 
a Bessel type filter, the filter outputs exhibit constant 
group delay in the pass band. Furthermore, the delays 
through the normal output and the differentiated output 
are well matched. 

The input and outputs of the SSI 32F801 1 are differen- 
tial signals, requiring external AC coupling capacitors. 
The given transfer* function shows the relationship 
between the input and the two sets of outputs. The 
maximum input signal is 1.5 Vpp differential, with 
differential input resistance 4 kQ typical. The minimum 
recommended output load is 1 kQ differential, AC 
coupled. 

1 .1 CUTOFF FREQUENCY PROGRAMMING 

The cutoff frequency, defined to be the -3dB corner 
frequency with no boost, can be programmed between 
5-13 MHz. It can be set by one of three methods: 

• A resistor can be inserted between the VR and the 
VFP pins. This setting is only used for a fixed 
response design. The IFP pin should be left open. 
The design equation for this resistor value is: 

Rx (k£2) = 11.92/fc (MHz) 

A design example is given in Section 4. 

• A current source input can be fed into the IFP pin. 
The VFP pin should be left open. With a current 
source digital-to-analog converter (DAC), such 
as the DACF in the SSI 32D4661 , this design 
allows a microcontroller to change the filter re- 
sponse dynamically. To achieve the highest ac- 
curacy and temperature stability, the current 
source DAC should be referenced to the tempera- 
ture compensated reference voltage at the VR 
pin. The design equation for this current source 
value is: 

IFP (mA) = 0.0615 xfc (MHz) 



A design example is given in Section 4. 

• A current sink input can be fed into the IFP pin. A 
91 7Q resistor should be placed across the VR and 
the VFP pins. With a current sink DAC, this design 
also allows a microcontroller to change the filter 
response dynamically. To achieve the highest 
accuracy and temperature stability, the current 
sink DAC should be referenced to the temperature 
compensated reference voltage at the VR pin. The 
design equation for this current sink value is: 

IFP (mA) = 0.0615 x (13 - fc) (MHz) 
A design example is given in Section 4. 

1 .2 HIGH FREQUENCY BOOST CONTROL 

The high frequency boost function is especially desir- 
able for pulse slimming and magnitude equalization 
applications. This function can be enabled or disabled 
by a TTL logic input at the FBST pin. With FBST = '1 ' 
or open, the amount of high frequency boost, mea- 
sured at the cutoff frequency, can be programmed from 
to 9 dB at fc by a voltage input at the VBP pin. 
External resistors can be designed in for a fixed filter 
response. For a programmable high frequency boost, 
a voltage DAC, such as the DACS in the SSI 32D4661 
Time Base Generator, can be used to control the VBP 
pin. This input voltage should be made proportional to 
the reference voltage at the VR pin for accuracy and 
temperature stability. The design equation for this 
control voltage is: 

VBP = VR x (1 A (FB/20) - 1 ) / 1 .884 where FB is in dB. 
Design example is given in Section 3. 

With a finite boost, the magnitude response peaks at a 
frequency slightly higher than the original cutoff fre- 
quency. The effective pass band bandwidth is wider. 

1 .3 OTHER FEATURES OF THE SSI 32F801 1 

The SSI 32F8011 is a 7-pole Bessel type filter. It 
features excellent constant group delay. At fc = 13 
MHz, the group delay variation from 0.2 fc to fc is less 
than 1 ns. Furthermore, the high frequency boost func- 
tion does not affect the group delay variation. 

In addition to the normal low pass output, the SSI 
32F801 1 also provides a differentiated low pass output 
of the input signal, the signal delay is well matched to 
the normal output. 
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1 .3 OTHER FEATURES OF THE SSI 32F801 1 

(continued) 

The SSI 32F801 1 provides a temperature compen- 
sated reference voltage, VR, tor the DAC references. 
Because the internal filter control circuitry is referenced 
to VR, the control current for filter cutoff frequency and 
control voltage for high frequency boost should be 
referenced to VR. 

The SSI 32F801 1 can be switched into a sleep mode, 
dissipating only 60 mW, by a TTL input at PWRON. 

Two package options are available forthe SSI32F801 1 : 
1 6-lead SOL and 1 6-lead SON. The small feature size 
of the 16-pin SON package offers significant board 
space saving. 

2.0 APPLICATIONS 

A programmable filter is a versatile component in any 
signal processing system. Some areas of applications 
include fixed response filtering, variable data rate pro- 
cessing and adaptive equalization. 

For fixed response filtering applications, the SSI 
32F8011 offers a simple-to-use solution. The once 
complex design of cutoff frequency or magnitude equal- 
ization is now rendered to simple resistance calcula- 
tion. The narrow 16-pin small outline package offers 
significant board space economy. 
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In variable data rate processing, a programmable filter 
can be used to optimize bandwidth and signal-to-noise 
tradeoff. One application is constant density recording 
for high capacity storage products. As the data rate 
increases from the inner tracks to the outer tracks, the 
filter cutoff frequency can be scaled accordingly to 
maximize signal-to-noise performance. The high fre- 
quency boost function provides pulse slimming for 
accurate pulse detection. 

Programmable filter offers a revolutionary approach to 
adaptive equalization. In signal transmission applica- 
tions, an equalization filter is used to combat channel 
distortion. The magnitude of channel distortion is often 
not known a priori. Adaptive equalization can dynami- 
cally shape the equalization function. With an appropri- 
ate external adaptive sensing function, the cutoff fre- 
quency and the high frequency boost of the SSI 32F801 1 
can be dynamically programmed through micropro- 
cessor control. 

3.0 FIXED RESPONSE DESIGN 
PROCEDURE 

This section suggests some design guidelines to apply 
the SSI 32F8011 as a fixed response filter. Figure 3 
shows the design schematic. Rx determines the filter's 
cutoff frequency, defined as the -3 dB frequency with 
no boost. The ratio of RB1 and RB2 determines the 
amount of high frequency boost. 
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FIGURE 3: The 32F8011 Setup as a Fixed Response Filter 
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3.0 FIXED RESPONSE DESIGN 
PROCEDURE (continued) 

Given fc, cutoff frequency in MHz, and FB, high fre- 
quency boost in dB: 

• Rx can be calculated, as given in Section 1 . 
Rx (kft) = 11.92/fc (MHz) 

Voltage across Rx is 0.33 VR. The current through 
Rx is 0.33 (VR/Rx). 

Rx should be between 917 Q to 2.38 kQ, i.e., fc 
between 5 MHz to 13 MHz. 

• RB1/RB2 sets FB, and can be determined as 
follows: 

RB1 /RB2= 1.884 /(10 A ( FB/20) - 1) - 1 

• Total current drawn out of the VR pin should be 
limited to 2 mA max. Thus, RB1 and RB2 should be 
designed accordingly. 

• The IFP pin should be left open. 



4.0 PROGRAMMABLE RESPONSE 
DESIGN PROCEDURE 

This section suggests some design guidelines to apply 
the SSI 32F801 1 as a programmable filter. The high 
frequency boost can be controlled by a voltage DAC 
driving the VBP pin. The VBP voltage should be be- 
tween and VR. The cutoff frequency can be con- 
trolled by a current DAC. The application setup for 
using a current source DAC is different from the one 
using a current sink DAC. Both are presented below. 

4.1 PROGRAMMABLE FILTER USING A CUR- 
RENT SOURCE DAC 

Figure 4 shows the setup schematicof the SSI 32F8011 
using an external current source DAC to control the 
filter's cutoff frequency. 
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FIGURE 4: The SSI 32F8011 Setup Schematic Using a Current Source DAC for Cutoff 
Frequency Control 
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4.1 PROGRAMMABLE FILTER USING A 
CURRENT SOURCE DAC (continued) 

Some design guidelines: 

• The VFP pin should be left open. 

• Both the current source DAC and the voltage DAC 
should reference to VR for accuracy and tempera- 
ture stability. 

• The reference bias current drawn from VR should 
be less than 2 mA. 

• The current source output voltage compliance 
should be > 2.0 V. 

• The IFP current and the filter cutoff frequency are 
related as follows: 

fc (MHz) = 16.25 x IFP (mA) x^~. 

IFP should be between 0.31 mA to 0.8 mA with 
VR = 2.2V. 

• The VBP voltage and the high frequency boost are 
related as follows: 

FB = 20 x log (1 .884 x VBP / VR + 1) dB 



4.2 PROGRAMMABLE FILTER USING CURRENT 
SINK DAC 

Figure 5 shows the setup schematic of the SSI 32F801 1 
using an external current sink DAC to control the f ilter's 
cutoff frequency. The high frequency boost control is 
the same as in Section 4.1 . 

Some design guidelines: 

• Rx should be set to 91 7Q between VR and VFP. 

• Both the current source DAC and the voltage DAC 
should reference to VR for accuracy and tempera- 
ture stability. 

• The total current drawn from VR should be less 
than 2mA. This includes the 0.8mA through Rx. 
Thus, the current sink DAC and the voltage DAC 
reference should not draw more than 1 .2 mA. 

• The current sink DAC output voltage compliance 
should be between 0.75V to 1 .2V. 

• The IFP current and the cutoff frequency are 
related as follows: 

fc (MHz) = 13 - 16.25 x IFP (mA) x-^- 
IFP should be between mA to 0.49 mA. 
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FIGURE 5: The SSI 32F8011 Setup Schematic Using a Current Sink DAC for Cutoff Frequency Control 
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INTRODUCTION 

Analog filtering is a universal requirement in any signal 
processing system. Filter design is now made easy 
with the programmable filters from Silicon Systems 
Inc. Whetherthe requirement is afixed filtering charac- 
teristic or a programmable response, this family of 
programmable filters offers distinct advantages of de- 
sign simplicity, accuracy, versatility and board space 
savings. Additional features, such as high frequency 
boost, differentiated outputs, are also available. This 
application note focuses on the SSI 32F8020A, cutoff 
frequency programmable from 1 .5 - 8 MHz. 
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The objectives of this application note are: 

• To present a description of the SSI 32F8020A 

• To discuss its applications 

• To present a typical fixed response design 

• To present a programmable response application 
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1.0 DESCRIPTION 

The SSI 32F8020A is a programmable 7-pole 0.05° 
equiripple low pass filter in a silicon bipolar integrated 
circuit. Figures 1 and 2 show the block diagram and the 
filter transfer function. 

The SSI 32F8020A cutoff frequency and high fre- 
quency boost can be independently controlled by two 
control signals. Two sets of filter outputs are available: 
normal low pass output and differentiated low pass 
output. As a 0.05° equiripple type filter, the filter outputs 
exhibit constant group delay beyond its cutoff fre- 
quency. Furthermore, the delays through the normal 
output and the differentiated output are well matched. 

The input and outputs of the SSI 32F8020A are differ- 
ential signals, requiring external ac coupling capaci- 
tors. The given transferfunction shows the relationship 
between the input and the two sets of outputs. The 
maximum input signal is 2.0 Vpp differential. The 
differential input resistance is 4 kQ (typ.). 

1 .1 CUTOFF FREQUENCY CONTROL 

The cutoff frequency, defined to be the -3dB corner 
frequency with no boost, is programmable from 1 .5 - 8 
MHz. It can be set by one of three methods: 

1) A resistor is connected between Rx and Ground. 
The IFO and IFI pins are shorted. This setting is 
only used for a fixed response design. The design 
equation for this resistor value is: 

Rx (kQ) = 1 0.00 / fc (MHz) 

A design example is given in Section 3. 

2) A current source input can be fed into the IFI pin. 
With a current source digital-to-analog converter 
(DAC), such as the DACF in the SSI 32D4661 
Time Base Generator, this design allows a 
microcontroller to change the filter response dy- 
namically. A resistor from Rx to Ground is needed 
to establish a bias current on the IFO pin. To 
achieve the highest accuracy and temperature 
stability, this bias current on the IFO pin is used to 
reference the current source DAC. This bias cur- 
rent should be set such that the maximum DAC 
output current is 0.6 mA at room temperature. The 
design equations for Rx and the current source 
value are: 

Rx (kQ) = 0.75 / IFO (mA) at T = 27°C 

IFI (mA) = 0.075 x/c (MHz) 



3) A current sink input can be fed into the I Fl pin. With 
a current sink DAC, this design also allows a 
microcontroller to change the filter response dy- 
namically. To achieve the highest accuracy and 
temperature stability, the current sink DAC should 
be referenced to the proportional to absolute tem- 
perature voltage at the Rx pin, nominally at 750 
mV. The DAC maximum sinking current should be 
at least 0.49 mA. A resistor from Rx to Ground is 
needed. The total current drawn from the Rx pin 
needs to be 0.6 mA at room temperature. The IFO 
and IFI pins are shorted. The design equations for 
Rx and this current sink value are: 

Rx (kQ) = 0.75 / ( 0.6 - IqaC Bias ) (mA) 

IFI (mA) = 0.60 - 0.075 x fc (MHz) 

A design example is given in Section 4. 

1 .2 HIGH FREQUENCY BOOST CONTROL 

The high frequency boost function is especially desir- 
able for pulse slimming and magnitude equalization 
applications. This function can be enabled or disabled 
by a TTL logic input at the FBST pin. With FBST = '1 ' 
or open, the amount of high frequency boost, mea- 
sured at the cutoff frequency, can be programmed from 
to 9 dB by a voltage input at the VBP pin. External 
resistors can be used in for a fixed filter response. For 
a programmable high frequency boost, a voltage DAC, 
such as the DACS in the SSI 32D4661 , can be used to 
control the VBP pin. This input voltage should be made 
proportional to the reference voltage at the VR pin for 
accuracy and temperature stability. The design equa- 
tion for this control voltage is: 

VBP = VR x (10 A (FB/20) - 1) / 1.884 

where FB is in dB. 

Design example is given in Section 3. 

With a finite boost, the magnitude response peaks at a 
frequency slightly higher than the original cutoff fre- 
quency. The effective pass band bandwidth is also 
wider. 

1 .3 OTHER FEATURES OF THE SSI 32F8020A 

The SSI 32F8020A is a 7-pole 0.05° equiripple type 
filter. It features excellent constant group delay. The 
group delay variation from 0.2 fc to 1 .75 fc is less than 
± 2% of the total filter delay. Furthermore, the high 
frequency boost function does not affect the group 
delay variation. 



A design example is given in Section 4. 
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In addition to the normal low pass output, the SSI 
32F8020A also provides a differentiated low pass 
output of the input signal. The signal delay is well 
matched to the normal output. 

The SSI 32F8020A provides a temperature compen- 
sated reference voltage, VR, and a proportional to 
absolute temperature voltage, Rx, for the DAC refer- 
ences. The filter cutoff frequency should be referenced 
to the current at the Rx pin. The high frequency boost 
control should be referenced to the voltage at the VR 
pin. 

The SSI 32F8020A can be switched into a sleep mode, 
dissipating less than 2.5 mW, by a TTL low level input 
at the PWRON pin. 

Three package options are available for the SSI 
32F8020A: 16-pin DIP, 16-pin SOL and 16-pin SON. 
The small feature size of the 16-pin SON package 
offers significant board space saving. 

2.0 APPLICATIONS 

A programmable filter is a versatile component in any 
signal processing system. Some areas of applications 
include fixed response filtering, variable data rate pro- 
cessing and adaptive equalization. 

For fixed response filtering applications, the SSI 
32F8020A offers a simple-to-use solution. The once 



complex design of cutoff frequency or magnitude equal- 
ization is now rendered to simple resistance calcula- 
tions. The narrow 16-pin small outline package offers 
significant board space economy. 

In variable data rate processing, a programmable filter 
can be used to optimize bandwidth and signal-to-noise 
tradeoff. One application is constant density recording 
for high capacity storage products. As the data rate 
increases from the inner tracks to the outer tracks, the 
filter cutoff frequency can be scaled accordingly to 
maximize signal-to-noise performance. The high fre- 
quency boost function provides pulse slimming for 
accurate pulse detection. 

A programmable filter offers a revolutionary approach 
to adaptive equalization. In signal transmission appli- 
cations, an equalization f ilter is used to combat channel 
distortion. The magnitude of channel distortion is often 
not known a priori. Adaptive equalization can dynami- 
cally shape the equalization function. With an appropri- 
ate external adaptive sensing function, the cutoff fre- 
quency and the high frequency boost of the SSI 
32F8020A can be dynamically programmed through 
microprocessor control. 
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3.0 FIXED RESPONSE DESIGN 
PROCEDURE 

This section suggests some design guidelines to apply 
the SSI 32F8020A as a fixed response filter. Figure 3 
shows the design schematic. Rx determines the filter's 
cutoff frequency, defined as the -3 dB frequency with 
no boost. The ratio of RB1 and RB2 determines the 
amount of high frequency boost. 

Given /c, cutoff frequency in MHz, and FB, high 
frequency boost in dB: 

• Rx can be calculated, as given in Section 1 . 

Rx (kQ) = 1 0.00 / /c (MHz) 

Voltage across Rx is 0.75V, and is proportional to 
the absolute temperature. 

Rx should be between 1 .25 kQ to 6.67 kQ, i.e., /c 
between 1 .5 MHz to 8 MHz. 

• RB1/RB2 sets FB, and can be determined as 
follows: 

RB1 / RB2 = 1 .884 / (10 A ( FB / 20 ) - 1) - 1 

• Total current drawn out of the VR pin should be 
limited to 2 mA max. Thus, RB1 and RB2 should be 
designed accordingly. 

• The IFO and IFI pins are shorted together. 



4.0 PROGRAMMABLE RESPONSE 
DESIGN PROCEDURE 

This section suggests some design guidelines to apply 
the SSI 32F8020A as a programmable filter. The high 
frequency boost can be controlled by a voltage DAC 
driving the VBP pin. The VBP voltage should be be- 
tween and VR. The cutoff frequency can be con- 
trolled by a current DAC. The application setup for 
using a current source DAC is different from the one 
using a current sink DAC. Both are presented below. 

4.1 PROGRAMMABLE FILTER USING A 
CURRENT SOURCE DAC 

Figure 4 shows the setup schematic of the SSI 32F8020 
using an external current source DAC to control the 
filter's cutoff frequency. 

Some design guidelines: 

• The current source DAC should be referenced to 
the IFO current. The voltage DAC should refer- 
ence to VR. 

• The reference bias current drawn from VR should 
be less than 2 mA. 

• The IFO current biases the current source DAC for 
0.6 mA maximum output at room temperature. 
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4.1 PROGRAMMABLE FILTER USING A 
CURRENT SOURCE DAC (continued) 

• The Rx resistor determines the IFO current. 
Rx (kQ) = 0.75 / IQAC Bias (mA) 

• The current source output voltage compliance 
should be between to 2.5V. 

• The IFI current and the filter cutoff frequency are 
related as follows: 

fc (MHz) = 13.33 x IFI (mA) 

IFI should be between 0.1 1 mA to 0.6 mA at room 
temperature. 

• The VBP voltage and the high frequency boost are 
related as follows: 

FB = 20 x log (1 .884 x VBP / VR + 1 ) dB 

4.2 PROGRAMMABLE FILTER USING 
CURRENT SINK DAC 

Figure 5 shows the setup schematic of the SSI 32F8020 
using an external current sink DAC to control the filter's 



cutoff frequency. The high frequency boost control is 
the same as in Section 4.1 . 

Some design guidelines: 

• The current sink DAC should reference to the 
voltage at the Rx pin. 

The voltage DAC should reference to VR. 

• The IFO and IFI pins are shorted. 

• The total current drawn from VR should be less 
than 2 mA. 

The total current drawn from the Rx pin should be 
0.6 mA. 

Rx (kQ) = 0.75 / ( 0.6 - IQAC Bias ) (mA) 

• The current sink DAC output voltage compliance 
should be between to 2.5V. 

• The I Fl current and the cutoff frequency are related 
as follows: 

fc (MHz) = 8- 13.33 x IFI (mA) 

IFI should be between mA to 0.49 mA. 
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INTRODUCTION 

Analog filtering is a universal requirement in any signal 
processing system. Filter design is now made easy 
with the programmable filters from Silicon Systems 
Inc. Whether the requirement is a fixed filtering char- 
acteristic or a programmable response, this family of 
programmable filters offers distinct advantages of de- 
sign simplicity, accuracy, versatility and board space 
savings. Additional features, such as high frequency 
boost, differentiated outputs, are also available. This 
application note focuses on the SSI 32F8030, cutoff 
frequency programmable from 250 kHz - 2.5 MHz. 
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The objectives of this application note are: 

• To present a description of the SSI 32F8030 

• To discuss its applications 

• To present a typical fixed response design 

• To present a programmable response application 
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1.0 DESCRIPTION 

The SSI 32F8030 is a programmable 7-pole 0.05° 
Equirippie low pass filter in a silicon bipolar integrated 
circuit. Figures 1 and 2 show the block diagram and the 
filter transfer function. 

The SSI 32F8030 cutoff frequency and high frequency 
boost can be independently controlled by two control 
signals. Two sets of filter outputs are available: normal 
low pass output and differentiated low pass output. As 
a 0.05° Equirippie type filter, the filter outputs exhibit 
constant group delay beyond the pass band. Further- 
more, the delays through the normal output and the 
differentiated output are well matched. 

The input and outputs of the SSI 32F8030 are differential 
signals, requiring external AC coupling capacitors. The 
given transfer function shows the relationship between 
the input and the two sets of outputs. The maximum 
input signal is at least 1 .0 Vpp differential, with differen- 
tial input resistance 4 kQ typical. 

1 .1 CUTOFF FREQUENCY PROGRAMMING 

The cutoff frequency, defined to be the -3 dB corner 
frequency with no boost, can be programmed between 
250 kHz - 2.5 MHz. It can be set by one of three methods : 

• A resistorcan be inserted between the VR and the 
VFP pins. This setting is only used for a fixed 
response design. The IFP pin should be left open. 
The design equation for this resistor value is: 

Rx (kft) = 2.292 /fc (MHz) 

A design example is given in Section 4. 

• A current source input can be fed into the IFP pin. 
The VFP pin should be left open. A current source 
digital-to-analog converter (DAC), such as the 
DACF in the SSI 32D4661 Time Base Generator, 
allows a microcontroller to change the filter re- 
sponse dynamically. To achieve the highest ac- 
curacy and temperature stability, the current 
source DAC should be referenced to the tempera- 
ture compensated reference voltage at the VR 
pin. The design equation for this current source 
value is: 

IFP (mA) = 0.320 x /c (MHz) 



A design example is given in Section 4. 

• A current sink input can be fed into the IFP pin. A 
91 7Q resistor should be placed across the VR 
and the VFP pins. With a current sink DAC, this 
design also allows a microcontrollerto change the 
filter response dynamically. To achieve the high- 
est accuracy and temperature stability, the cur- 
rent sink DAC should be referenced to the tem- 
perature compensated reference voltage at the 
VR pin. The design equation for this current sink 
value is: 

IFP (mA) = 0.320 x (2.5 - fc) (MHz) 
A design example is given in Section 4. 

1 .2 HIGH FREQUENCY BOOST CONTROL 

The high frequency boost function is especially desir- 
able for pulse slimming and magnitude equalization 
applications. This function can be enabled or disabled 
by a TTL logic input at the FBST pin. With FBST = '1 ' or 
open, the amount of high frequency boost measured at 
the cutoff frequency can be programmed from to 9 dB 
by a voltage input at the VBP pinJExternal resistors can 
be designed in for a fixed filter response. For a program- 
mable high frequency boost, a voltage DAC, such as the 
DACS in the SSI 32D4661 Time Base Generator, can 
beused to control the VBP pin. This input voltage should 
be made proportional to the reference voltage at the VR 
pin for accuracy and temperature stability The design 
equation for this control voltage is: 

VBP = VR x (1 A (FB/20) - 1 ) / 1 .884 where FB is in dB. 
Design example is given in Section 3. 

With a finite boost, the magnitude response peaks at a 
frequency slightly higher than the original cutoff fre- 
quency. The effective pass band bandwidth is wider. 

1.3 OTHER FEATURES OF THE SSI 32F8030 

The SSI 32F8030 is a 7-pole 0.05° Equirippie filter. It 
features excellent constant group delay. The group 
delay variation from 0.2 fc to fc is less than 2% of mean 
group delay. Furthermore, the high frequency boost 
function does not affect the group delay variation. 

In addition to the normal low pass output, the SSI 
32F8030 also provides a differentiated low pass output 
of the input signal. The signal delay is well matched to 
the normal output. 



14-34 



SSI 32F8030 
Programmable Electronic Filter 



The SSI 32F8030 provides a temperature compen- 
sated reference voltage, VR, for the DAC references. 
Because the internal f iltercontrol circuitry is referenced 
to VR, the control current for filter cutoff frequency and 
control voltage for high frequency boost should be 
referenced to VR. 

The SSI 32F8030 can be switched into a sleep mode, 
dissipating < 5 mW, by a TTL input at PWRON. 

Three package options are available for the SSI 
32F8030: 16-pin DIP, 16-pin SOL and 16-pin SON. 
The small feature size of the 16-pin SON package 
offers significant board space saving. 

2.0 APPLICATIONS 

A programmable filter is a versatile component in any 
signal processing system. Some areas of applications 
include fixed response filtering, variable data rate pro- 
cessing and adaptive equalization. 

For fixed response filtering applications, the SSI 
32F8030 offers a simple-to-use solution. The once 
complex design of cutoff frequency or magnitude equal- 
ization is now rendered to simple resistance calcula- 
tion. The narrow 16-pin small outline package offers 
significant board space economy. 
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In variable data rate processing, a programmable filter 
can be used to optimize bandwidth and signal-to-noise 
tradeoff. One application is constant density recording 
for high capacity storage products. As the data rate 
increases from the inner tracks to the outer tracks, the 
tilted cutoff frequency can be scaled accordingly to 
maximize the signal-to-noise performance. The high 
frequency boost function provides pulse slimming for 
accurate pulse detection. 

Programmable f ilter offers a revolutionary approach to 
adaptive equalization. In signal transmission applica- 
tions, an equalization filter is used to combat channel 
distortion. The magnitude of channel distortion is often 
not known a priori. Adaptive equalization can dynami- 
cally shape the equalization function. With an appropri- 
ate external adaptive sensing function, the cutoff fre- 
quency and the high frequency boost of the SSI 32F8030 
can be dynamically programmed through a micropro- 
cessor control. 

3.0 FIXED RESPONSE DESIGN 
PROCEDURE 

This section suggests some design guidelines to apply 
the SSI 32F8030 as a fixed response filter. Figure 3 
shows the design schematic. Rx determines the f ilter's 
cutoff frequency, defined as the -3 dB frequency with 
no boost. The ratio of RB1 and RB2 determines the 
amount of high frequency boost. 
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3.0 FIXED RESPONSE DESIGN 
PROCEDURE (continued) 

Given fc, cutoff frequency in MHz, and FB, high 
frequency boost in dB: 

• Rx can be calculated, as given in Section 1 . 
Rx (kQ) = 2.292 / fc (MHz) 

Voltage across Rx is 0.33 VR. The current through 
Rx is 0.33 (VR / Rx). 

Rx should be between 91 7Q to 9.17 k£l, i.e., fc 
between 250 kHz to 2.5 MHz. 

• RB1/RB2 sets FB, and can be determined as 
follows: 

RB1 / RB2 = 1 .884 / (10 A ( FB / 20 ) - 1) - 1 

• Total current drawn out of the VR pin should be 
limited to 2 mA max. Thus, RB1 and RB2 should be 
designed accordingly. 

• The IFP pin should be left open. 



4.0 PROGRAMMABLE RESPONSE 
DESIGN PROCEDURE 

This section suggests some design guidelines to apply 
the SSI 32F8030 as a programmable filter. The high 
frequency boost can be controlled by a voltage DAC 
driving the VBP pin. The VBP voltage should be be- 
tween and VR. The cutoff frequency' can be con- 
trolled by a current DAC. The application setup for 
using a current source DAC is different from the one 
using a current sink DAC. Both are presented below. 

4.1 PROGRAMMABLE FILTER USING A CUR- 
RENT SOURCE DAC 

Figure 4 shows the setup schematic of the SS 1 32F8030 
using an external current source DAC to control the 
filter's cutoff frequency. 
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FIGURE 4: The SSI 32F8030 Setup Schematic Using a Current Source DAC for Cutoff 
Frequency Control 
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Design guidelines for the SSI 32F8030: 

• The VFP pin should be left open. 

• Both the current source DAC and the voltage DAC 
should reference to VR for accuracy and tempera- 
ture stability. 

• The reference bias current drawn from VR should 
be less than 2 mA. 

• The current source output voltage compliance 
should be between 1 .3V to 2.1 V. 

• The IFP current and the filter cutoff frequency are 
related as follows: 

fc (MHz) = 3.125 x IFP (mA) 

IFP should be between 0.08 mA to 0.8 mA. 

• The VBP voltage and the high frequency boost are 
related as follows: 

FB = 20 x log (1 .884 x VBP / VR + 1) dB 



4.2 PROGRAMMABLE FILTER USING CURRENT 
SINK DAC 

Figure 5 shows the setup schematic of the SSI 32F8030 
using an external current sink DAC to control the f ilter's 
cutoff frequency. The high frequency boost control is 
the same as in Section 4.1 . 

Some design guidelines: 

• Rx should be set to 91 7Q between VR and VFP. 

• Both the current source DAC and the voltage DAC 
should reference to VR for accuracy and tempera- 
ture stability. 

• The total current drawn from VR should be less 
than 2 mA. This includes the 0.8 mA through Rx. 
Thus, the current sink DAC and the voltage DAC 
reference should not draw more than 1 .2 mA. 

• The current sink DAC output voltage compliance 
should be between 0.85V to 1.6V. 

• The IFP current and the cutoff frequency are 
related as follows: 

fc (MHz) = 2.5 - 3.125 x IFP (mA) 

IFP should be between mA to 0.72 mA. 
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FIGURE 5: The SSI 32F8030 Setup Schematic Using a Current Sink DAC for Cutoff Frequency Control 
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SERVO DESIGN EXAMPLE 

The application of the SSI 32H6220 dedicated servo 
controller, SSI 32H569/32H6230 H-bridge predriver, 
and SSI 32H6210 servo demodulator chips require 
both discrete component determination and micropro- 
cessor programmed register values. This section 
provides as a design example, a systematic method of 
determining both the discrete components and pro- 
grammable values required in implementing a fully 
functional track and seek head positioning servo. This 
example makes use of an available Silicon Systems' 
program named SERVO CALC which runs on the PC/ 
XT or PC/AT compatible personal computer. The 
program provides an interactive enviroment for enter- 
ing target specifications, systematically proceeding 
through the design, and automating the calculation of 
components and programmable values. The program 
provides various tools for system performance review 
such as velocity profile plots, open and closed loop 
Bode plots, step response plot, mechanical resonances 
and notch filter effects. 
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SPECIFY SEEK PERFORMANCE 
REQUIREMENTS 

Specifying the average seek time, total number of 
tracks for a full length seek, and profile characteristics 
will provide the basis for determining a precise head 
velocity profile. Profile characteristics specify the rela- 
tionship between acceleration and deceleration under 
different conditions. The ratio of deceleration time plus 
settling time all divided by the acceleration time pro- 
vides the profile characteristic "R." The number of 
tracks traveled in 'triangular mode" divided by the total 
number of tracks for a full length seek provides the 
profile characteristic "BETA." These two profile char- 
acteristics may be used along with a modified square 
root law to determine a velocity profile which will result 
in satisfying the specified average seek time. 

As an example, specify as design goals: 
Linear actuator 

1400 TPI for a G2 of 55,860 Tracks/Meter 
1000 total cylinders 
Average access time of 15 ms 
30 gram actuator mass 
R = 1.2 and BETA = 0.4 
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FIGURE 1 : Track Seek Profile 
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REVIEW VELOCITY PROFILES 

The deceleration profile may be reviewed and adjusted 
by modifying the square root law which relates profile 
head velocity to the number of tracks left to travel. 
Step-wise increasing the exponent of tracks to go from 
1/2 (square root starting point) will "soften" the decel- 
eration approach curve. As the curve softens, the 
settling time available decreases. The "R" value may 
be adjusted to match a suitable deceleration curve with 
the required settling time. 

From the prof ile chosen, the following parameters may 
be determined for our example design: 

Head acceleration of 6,1 75,1 15 tracks/sec 2 

Peak head velocity of 49,699.5 tracks/sec 

200 deceleration tracks required 

8.05 ms of acceleration, 12.08 ms coasting, and 
9.66ms decelerating full seek 

Full seek time 29.8 ms 

Both the average and full length seek profiles are 
shown in Figure 1. 

SPECIFY MOTOR AND LOAD PARAMETERS 

The motor and load parameters must be estimated and 
specified so that the power required to meet the veloc- 
ity profile chosen may be computed and compared 
against design goals. G1 is preamplifier gain and is not 
dependent upon motor or load parameters. G1 is f ixed 
at 6 VOLTS/TRACK when using the SSI 32H6210. 
The motor resistance will introduce both a power loss 
and a voltage drop which must be considered. The two 
motor systems, namely linear and rotary, require differ- 
ent units of specification. 

Linear Motor Specifications 

G2 transport constant in Tracks/Meter 

J mass in KG (kilograms) 

Km motor constant in N/A (newton/amps) 

Rotary Motor Specifications 

G2 transport constant in Tracks/Rad 

J inertia in KG m 2 (kilograms meter squared) 

Km motor constant in (N • m/A) 



Optionally, Km may be computed from the head veloc- 
ity profile based on a specified maximum motor current 
IPEAK. The two specifications of I PEAK and Km are 
interrelated. 

For our example, 

IPEAK is 1 Amp and Km is calculated 
Rm = 3.8Q 
Rs = 0.2£2 

REVIEW MOTOR VOLTAGE, POWER AND Km 

From the motor and load specifications, the required 
peak current needed to satisfy the chosen head veloc- 
ity profile may be calculated. Using the transport 
constant G2, the back EMF of the motor may be 
calculated at peak head velocity and added to the the 
voltage drop across the motor resistance Rm and 
sense resistor Rs. The total voltage required by the 
motor may be compared to the available driver voltage. 
Peak motor power may be computed and compared to 
design goals. If Km was calculated from a specification 
of IPEAK, the resulting value of Km may be compared 
against that actually attainable in the motor design. 
Adjustment of Km and IPEAK may be made to both 
satisfy the average seek time specif ication and general 
design goals. 

For this example: 

Km was calculated to be 3.316 N/A 

Peak drive voltage required is 6.95V including the 
voltage across Rs 

Peak coil input power is 6.75 Watt 

Coil dissipation 3.8 Watt 

SPECIFY POWER AMPLIFIER COMPONENTS 

The power amplifier is shared by both the track follow- 
ing and seek servo control loops. The determination of 
DC gain for the power amplifier for seek will also 
determine some components shared with the track 
following servo. Referring to the example schematic of 
the SSI 32H621 0/6220/6230, RS, RF and the sum 
resistance of RINV1 and RINV2 (RINV) may be deter- 
mined. Choosing RF to be an initial nominal value such 
as 10,000£2 and choosing RS as some small resis- 
tance such as 0.2Q provides good starting points. 
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The DC power amplifier gain for the seek servo is 
calculated from the peak current required to satisfy the 
peak velociyy of the velocity profile and the full scale 
target DAC output voltage. A motor current limit may 
be implemented when using the SSI 32H6230 by 
connecting theCLAMPpinto ERR- through the RINV1 
and RINV2 network as shown on the schematic. The 
limit voltage is programmable by setting the voltage at 
the 6230 VLIM pin. It is necessary to choose the limit 
current higher with tolerance margin above that current 
required to meet the maximum head velocity from the 
velocity profile. 

In the example, 

RINV total should be 5062.5ft 
RF is specified as 10,000a 

CHOOSE DIFFERENTIATOR AND VELOCITY 
LOOP GAINS 

The differentiator within the SSI 32H568 or 32H6220 
provides a programmable cornerf requency determined 
by servo frame rate and the two bit register ND. Having 
determined the maximum head velocity from the veloc- 
ity profile and knowing thetransport constant and servo 
frame rate, the maximum output voltage from the 
differentiator may be calculated. 

The output of the differentiator is amplified by the 
velocity amplifier A3 and the programmable gain stage 
set by NVG. The velocity loop gain from the output of 
the differentiator to the feed back summing junction of 
the target DAC must be set so that the peak differen- 
tiator output voltage will result in zero VE voltage 
(relative to VREF) when the target DAC is at its full 
range of 255. Choosing a nominal NVG setting of 1 
and selecting an ND which does not exceed the am- 
plitude limit of the differentiator itself, will result in the 
calculation of the necessary gain in A3. The seek 
velocity feedback may be fine tuned by adjusting the 
gain of NVG as indicated in drive self-calibration. 

For the example, the programmable registers are: 
NVG is 10 decimal 

ND will be 2 for a frame rate of 250 kHz 

Gain of A3 will be 1 .96 so that (RV4/RV3) = 1 .96; 
If RV4 = 19.6K, then RV3 = 10K 

RV1 and CV1 will not be used in this example 



GENERATE TARGET PROFILES 

The seek servo velocity loop is closed within the SSI 
32H6220. The implementation of the velocity profile is 
commanded by the supporting microprocessor. The 
microprocessor commands target velocities by writing 
to the target DAC. The necessary DAC values may be 
derived from the velocity profile. The acceleration DAC 
value is determined from the peak head velocity in the 
velocity profile. The microprocessor writes the accel- 
eration target velocity to the target DAC and monitors 
track crossings determining when to begin decelera- 
tion. Once the head has moved past the deceleration 
corner, the microprocessor will write the deceleration 
target velocities to the target DAC usually track by track 
thereby following the head velocity down to the transi- 
tion point into track following. The number of table 
entries making up the deceleration table can be found 
from the profile data discussed in the earlier section, 
Review Velocity Profiles. 

A fill table may be generated corresponding to the 
target velocity table. The fill table is usually only a few 
entries long. The fill table values are computed from 
the position error voltage available at FP1 and the step 
in target DAC voltage for the last few deceleration 
velocity targets. The fill value programs the gain of the 
fill amplifier which subtracts from the velocity error a 
portion of the position error signal. This subtraction of 
position error from the velocity error has the effect of 
smoothing the velocity error voltage at VE when the 
head is moving slowly and tends to insure that the head 
will move towards the center of the target track prior to 
switching on track following. 



The 20 element fill value table resulting for the example 
is shown below in Table 1 . T is the target track. 



Target Track Lineup 


t-0: 


12 


t-10: 


2 


t-1: 


5 


t-1 1 : 


1 


t-2: 


4 


t-1 2: 


2 


t-3: 


3 


t-1 3: 


1 


t-4: 


3 


t-1 4: 


2 


t-5: 


3 


t-1 5: 


1 


t-6: 


3 


t-1 6: 


1 


t-7: 


2 


t-1 7: 


1 


t-8: 


2 


t-1 8: 


2 


t-9: 


2 


t-1 9: 


1 



TABLE 1 
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The velocity target DAC values for the example are listed below in Table 2, ordered as the number of tracks 
remaining to go, ie: "t-n": 



t-0 


t-20 


t-40 


t-60 


t-80 


t-100 


M20 


t-140 


t-160 


t-180 





81 


114 


140 


161 


180 


198 


213 


229 


243 


18 


83 


115 


141 


162 


181 


198 


214 


229 


243 


25 


85 


117 


142 


163 


182 


199 


215 


230 


244 


31 


86 


118 


143 


164 


183 


200 


216 


231 


245 


36 


88 


120 


144 


165 


184 


201 


217 


232 


245 


40 


90 


121 


145 


166 


185 


202 


218 


232 


246 


44 


92 


122 


146 


167 


186 


202 


219 


233 


247 


48 


94 


124 


148 


168 


187 


203 


219 


234 


247 


51 


95 


125 


149 


169 


187 


204 


220 


234 


248 


54 


97 


126 


150 


170 


188 


205 


221 


235 


249 


57 


99 


127 


151 


171 


189 


206 


222 


236 


249 


60 


100 


129 


152 


172 


190 


206 


222 


236 


250 


62 


102 


130 


153 


173 


191 


207 


223 


237 


250 


65 


104 


131 


154 


174 


192 


208 


224 


238 


251 


67 


105 


132 


155 


175 


193 


209 


224 


239 


252 


70 


107 


134 


156 


176 


193 


209 


225 


239 


252 


72 


108 


135 


157 


177 


194 


210 


226 


240 


253 


74 


110 


136 


158 


178 


195 


211 


227 


241 


254 


76 


111 


137 


159 


178 


196 


212 


227 


241 


254 


79 


113 


138 


160 


179 


197 


213 


228 


242 


255 



TABLE 2 



POWER AMPLIFIER COMPENSATION 

Components RL2 and CL3 set the bandwidth of the 
power amplifier. Specifying motor inductance Lm and 
power amplifier bandwidth BW while having deter- 
mined RF, Rm, and Rs from seek requirements pro- 
vides the means for calculating CL3 and RL2. 

For the example, 

Power amplifier bandwidth is specified as 10 kHz 

Lm is specified as 1 mH 

CL3 is calculated to be 0.005 uF 

RL2 is calcuated to be 47 k£2 

TRACK FOLLOWING GAIN 

Both the track following and seek loops share many of 
the power amplifier gain setting components. Having 
determined RINV, RF and Rs from velocity profile 
requirements, the track following power amplifier gain 
KP is determined entirely by RINP. The track following 



power amplifer gain KP is interactively set with the 
position loopf ilter gain KF. An initial KP may be chosen 
as 1 AMP/VOLT and the value of KF may be adjusted 
as needed to stabilize the track following loop. The 
value of RINP may be computed from RF, Rs, and KP. 

In the example, 

Specify KP = 1 Amp/Volt 
Calculate RINP = 12.5 kQ 

POSITION LOOP FILTER 

The implemented filter will take the form of a LAG- 
LEAD-LEAD-LAG in ascending frequency breakpoints. 
Due to the double integration in the motor-load me- 
chanics going from acceleration to position, there is an 
initial 180 degree position phase lag which must be 
compensated to prevent instability and oscillation. 
Phase lag introduced by a pole will add additional 
phase lag exceeding 180 degrees while phase lead 
introduced by a zero will reduce phase lag. The 
objective of the position loop filter is to ensure that there 
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FIGURE 2: Position Loop Filter Bode Plot 



is phase margin at the system unity gain crossover 
frequency while at the same time providing stiffness 
and long term tracking error cancelation. 

The initial position loop filter gain KF may be estimated 
through a specification for DC stiffness. Specifying a 
stiffness in unitsof force pertrack and knowing G1 , Km, 
and KP will provide a way to solve for KF. 

DC stiffness pertrack is calcuated as: 
STIFFNESS = G1 KF KP Km 

Specifying 1 00 N/TRACK stiffness, KF is determined in 
the example to be 5. 

The lowest frequency LAG time constant is referred to 
as bT2 and is the product CP2(RP3+RP4). This low 
frequency LAG serves effectively as an integrator with 
limited DC gain intendedto minimize long term tracking 
error and allowing an increased DC gain improving 
stiffness which otherwise would not be possible due to 
mechanical higher frequency resonances. Time con- 
stant bT2 generally should be made as large as prac- 
tically possible. Choosing a value for CP2 such as 
.47 uP and a pole frequency between 0.1 andl HZ will 
provide a good starting point. 



The track following servo is stabilized by providing 
phase margin at the unity gain crossover frequency. 
Phase margin is obtained through the use of the two 
LEAD networks. The first lead breakpoint compen- 
sates for the integrator phase lag and the second lead 
breakpoint provides the required phase margin. Time 
constant T2 made up of RP3 and CP2 provides the 
phase lead needed to bring the phase back towards 
180 degrees of phase lag. Lead time constant aT1 
provides additional phase lead by reducing the phase 
lag less than 180 degrees at the unity gain crossover 
frequency. Choosing the time constant aT1 such that 
its break point frequency is equal to the unity gain 
crossover bandwidth for the system will provide ap- 
proximately 45 degrees of phase margin. Time con- 
stant T2 needs to be chosen to be at least five times 
aT1 thereby minimizing the interactive effects of the 
two leads together. T2 should not be chosen so low in 
frequency as to cancel out the effects of the integrator 
lag and the low frequency gain enhancement. 

Finally, the high frequency pole T1 determined by RP1 
and CP1 provides a high frequency gain limit. The 
breakpoint frequency associated with the time con- 
stant T1 should be placed several times higher than the 
breakpoint frequency set by aT1 . Mechanical reso- 
nances may require further adjustment of the T1 break- 
point frequency. Some systems may require additional 
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POSITION LOOP FILTER (Continued) 

notch filters to minimize high frequency mechanical 

effects. 

Having chosen the break point frequencies, the posi- 
tion filter components may all be computed having 
specified CP2 and KF. 

For the example, the break points were initially speci- 
fied as: 

bT2 frequency = 0.6 Hz 

12 frequency = 60 Hz 

aT1 frequency = 600 Hz (target system unity gain 
bandwidth) 

T1 frequency = 2000 Hz 

TRACK FOLLOWING SYSTEM RESPONSE 
REVIEW 

Bode plots of the open loop response for the LAG- 
LEAD-LEAD-LAG position loop filter are useful in 
evaluating the break point frequencies chosen. More 
useful is the system open loop Bode plot which pro- 
vides the necessary information needed to properly 
adjust KF to meet the desired system unity gain band- 
width. Adjusting KF will move the overall response 
vertically such that unity gain occurs at the desired 
system bandwidth frequency. The amount of vertical 
movement indicates how KF should change relative to 
its intial current value. The phase margin peak may be 
adjusted horizontally by changing the time constants 
aT1 and T2. Moving the peak phase lead to corre- 
spond to the unity gain frequency is desireable. The 
system unity bandwidth indicates the stability of the 
servo system by the amount of phase margin at the 
unity gain crossover point. Figure 2 shows the open 
loop position filter Bode plot. Notice the peaking of 
phase near the target system unity bandwidth fre- 
quency of 600 Hz. Figure 3 shows the overall open 
loop system Bode plot. 



After review and adjustment, the final components 
were standardized as: 

RP1 =8,250Q 

RP2 = 91 kft 

RP3 = 13kQ 

RP4 = 680 kQ 

CP1 = 0.0075 u.F 

CP2 = 0.47 |iF 

Which resulted in actual break points of: 
bT2 frequency = 0.49 Hz 
T2 frequency = 26 Hz 
aT1 frequency = 213 Hz 
T1 frequency = 2572 Hz 

And KF = 7.47 for a DC stiffness of 1 48 N/Track. The 
resulting phase margin is 51.60 degrees at 630 Hz. 
The gain margin is 25.2 dB at 4800 Hz. 

The closed loop system step response may be ob- 
tained and examined to evaluate the overshoot and 
settling time. The integrator time constant bT2 will tend 
to control the settling time or 'tail." The time constants 
aT1 and T2 effect the amount of ringing and overshoot. 
Figure 4 shows the response of the system to a position 
step. 

For the example, 
Overshoot is 30% 
First zero crossing at 0.4 ms 
Settling within 2 ms 
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FIGURE 4: Position Closed Loop Step Response 

14-45 



14 



Servo Products 



SERVO CALC SOFTWARE 

HEAD POSITIONING APPLICATIONS TOOL 

DESCRIPTION 

This software is an aid to disk drive head position servo 
design using SSI 32H 6210, 32H6220, 32H569, 
32H6230 servo controller and servo motor driver chips. 
It uses block diagram algebra and transfer function 
analytical techniques to arrive at first order approxima- 
tions for the servo design values and parameters. This 
software offers visual representations of block dia- 
grams, transfer functions, schematics, as well as 
Bode, seek profile and step response plots. It includes 
design aids for the design of velocity profiles and tables 
for evaluation of gain and characteristics settings. It 
uses simple menus to choose the design screens for 
power amplifier and position loop filter design and 
design modules for seek profile/loop parameters and 
their components. It also has a user definable polyno- 
mial transfer function for Bode plot and step response 
evaluations. The effects of parameter and component 
changes are specially flagged and quickly displayed. 



SERVO CALC PROGRAM FEATURES 

• Mathematical modeling 

Polynomial transferfunctions displayed/described 

• Block diagrams displayed 

Individual design screens displaying design prog- 
ress 

Stability analysis 

• Bode and step response plots 

• Mechanical resonance and notch filter effects 
Motor current and power dissipation analysis 
Velocity profile and fill table generation 
Develops design for power amplifier components 
Tabulates and displays design choices in velocity 
loop 

User-controllable plot and print settings 

MINIMUM SYSTEM REQUIREMENTS TO RUN 
SERVO CALC 

An IBM PC/XT/AT or compatible computer with at least 
512Kb of RAM, EGA or EGA-compatible video adapter 
and monitor, one 5 1/4 inch floppy disk drive. A dot 
matrix printer for plots and screen printings is optional. 
A math co-processor and a hard disk is recommended 
but not required. 



For your copy of the SERVO CALC software and other helpful servo tools, please contact your local 
representative or Silicon Systems, Inc. at (714) 573-6000. 



No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders. 



Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680, (714) 573-6000, FAX: (714) 573-6914 



©1989 Silicon Systems, Inc. 
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Application Note 



The use of an RC snubber network placed across each 
winding of a three-phase brushless motor may be 
beneficial in reducing the switching EMF and acoustic 
noise of the motor. Further, use of the snubber is 
generally required when applying the SSI 32M595 or 
32H4631 in systems using 12 volt unipolar (HALF- 
WAVE) drive modes. Use of snubbers in the unipolar 
drive mode reduces the amplitude of the switching 
transients which can be as large as 20 volts. When the 
individual motor phase and snubber circuit is consid- 
ered as a simple L-R-C circuit, the following design 
approach may be taken to compute the necessary 
snubber R and C values. 

1 . Determine the necessary time constant for the 
network. 

The motor circuit and the snubbing network to be 
added will be designed so as to create a second 
order exponentially decaying step response. The 
remaining amplitude should be a small value at the 
time the next commutation zero crossing is ex- 
pected to occur. Since the zero crossing occurs 
roughly 1/2 of a commutation cell period after 
commutation occurs (due to the chip intentional 
commutation delay), one can calculate the allow- 
able time for the decay and specify the snubbing 
network by following through this example: 

a. Peak amplitude of transient is 1 2 volts (12 volt 
UNIPOLAR) 

b. Die down to 1/1000 of initial transient in 1/2 
commutation cell period. This will result in 12 
mV remaining. The remaining transient volt- 
age can alter the commutation angle. In a 
typical unipolar application with a K t (torque 
constant) of 3.5 oz-in/Amp the magnitude of 
the BEMF signal used for commutation when 
at speed (assumes 3600 RPM) is 9.3 volts 
peak. The amount of commutation shift, or 
jitter due to residual transient voltage in 
degrees of electrical angle is: 

Angle shift = ± [SIN 1 (.012/9.3)] = .074° 

Which is, of course, negligible. 



c. Decay period (1 12 the commutation cell time) 
is 694 usee for a 4-pole motor at 3600 RPM. 

d. Motor inductance is 3.5 mH, resistance is 7Q, 
and torque constant, K t , is 3.5 oz-in/Amp. 
Knowing that the transient dies down expo- 
nentially as: 

v = 

Where x denotes the time constant of the 
motor and snubber circuit and t is the time 
allowed for this decay to occur. We can solve 
for the necessary -(t/T) by: 

Log e (1/1 000) = -6.908 

and since t/T = 6.908, and t=694 usee, thenx 
= 694e-6 + 6.908, which equals 100.5 usee. 

2. Computing the required snubbing capacitor. 

The motor and snubber circuit equivalent circuit is 

shown in Figure 1 . 

Solving for the transient response at 

v= RCS + 1 

L m C S 2 +(R m + R)C S + 1 

Where: L m C = 1/w^ 2 , and w^ is the natural 
frequency in radians, and (R m + R)C = 2^/w^ , and 
£ is the damping constant of the second order 
characteristic equation which defines the time 
constant, 

x = 1/(Cw„). 

When critical damping is desired, as it is now, t 
reduces to 1/w^. 

In our example % is 100.5e-6 sec, and in the 
calculation L m x C = 1/w^ 2 , therefore to calculate 
C when L m is known: 

C = T 2 /L m . 

In the example L m is 3.5 mH , therefore C = (1 00.5e- 
6) 2 /3.5e-3 

C = 2.89 uFd 
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3. Computing the resistor. 

The total resistance in the circuit determines the 
damping factor. The characteristic equation has 
(R m + R) x C equaling 2 times the damping factor 
divided by the natural frequency, w T The total 
resistance for a damping factor of 1 (critical damp- 
ing is desired) is: R( to tai) =( 2 x 

R (totai) =(2 x 100.5e-6)/2.89e-6 
R (total) = 69.7ft. 
To find R (the snubbing resistor) the motor resis- 
tance is subtracted from the total resistance just 
calculated: 

69.7 - R m ( which is 7ft), therefore: 
R = 62.7ft. 




V 



Figure 1 : Motor and Snubber Circuit Equivalent Circuit 



Summary 

This approach can be iterated to result in a more 
common snubbing capacitor value by changing the 
target time constant. Too much snubbing will cause a 
shift in the zero crossing time resulting in poorer motor 
performance. Further, the snubber may result in some 
noticeable power and torque loss, but using this ap- 
proach generally will yield good working values. 



Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680 (714) 573-6000, FAX (714) 573-6914 
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14-48 



0691 



SmotiMkms 

A TDK Group/Company 



Setting Speed Control 
Loop Compensation Gains 

for SSI 32M595, 32H4631, 32M7010 



Application Note 



The speed control compensation is controlled by two 
gain terms K p and K h the proportional and integral gains. 
These gains are set by the selection of two resistors. 
This document presents a method of determining those 
two gains and then the resistor values. The derivation 
of the gains will be shown by using the linearized block 
diagram and the transfer function obtained from that 
simplification. The amount of error that this will introduce 
due to the speed control being a sampled system is 
within tolerable limits at most bandwidths necessary for 
disk drive spindle applications. Of course the presenta- 
tion of this method does not try to indicate this is the only 
way these gains may be determined, or even the best 
way. It is one method only and the user may elect 
another method that will best suit his needs. 

The simplified, linearized block diagram is seen in 
Figure 1; the derivation of the open loop transfer 
function is shown. 



This is where: 

K A is the transconductance gain of the driver circuit 
which is a function of R se nse ( see the respective part 
data sheet). 

K T is the motor torque constant. Use units that are 
compatible with J such as oz-in/Amp and oz-in- 
sec 2 , or newton-meters/Amp & Kilogram-meters 2 . 

J is the load rotating inertia. Use units that are 
compatible with K T . 

S is the Laplace operator. 

K p is the proportional gain calculated. 

Kj is the integral gain calculated. 



REF 377 
RAD/SEC + 





KA 




KT 

MOTOR TORQUE 
CONSTANT 




1 


D - 


AMPS/VOLT 






J 



TRANSCONDUCTANCE 



SPINDLE 
VELOCITY 
RAD/SEC 



REF 377 
RAD/SEC + 





11.6 Kl (.775KPS + 1) 
S 11.6 Kl 




KA 




KT 

MOTOR TORQUE 
CONSTANT 




1 


5 




AMPS/VOLT 






T 



TRANSCONDUCTANCE 



SPINDLE 
VELOCITY 
RAD/SEC 



TRANSFER FUNCTION 
OPEN LOOP TRANSFER FUNCTION = 11.6 Kl KA KT ( 1 + -775 KP S) 



FIGURE 1: Motor Speed Control Linearized Block Diagram 
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From the open loop transfer function the loop gain is: 
1 1.6 K|K A K T f< , .775 K P 



LG = 

This can be expanded to: 



1 1.6 K, 



S) 



LG== 11.6K,K A K T + K A K T .775 K P 



JS 



The problem is to select values for K p and Kj that will 
allow the loop gain to come to 1 .0 (0 dB) at the desired 
bandwidth frequency; and with a phase margin of the 
desired amount considering stability and performance 
(usually 45 to 60 degrees). 

Evaluate the loop gain at the bandwidth frequency and 
calculate the unknown gains. 

Where: LG = 1 .0 at an angle of -135 degrees 
(45 degrees phase margin) 
S = jw 

BW = desired bandwidth frequency in Hertz 
w = 2 tcBW 

1<3-135°= 116 K|Ka Kt + k a k t 775 K P 
^ J j 2 w 2 J jw 

Separate both sides of the equation into their real and 
imaginary parts: 

-707 -j 707= ~ n6K i K A K T _j K A K T .775 K P 
J w 2 ' J w 

The real part can be solved directly for Kj and the 
imaginary part for K p : 

..707 = zIWaKt solvjng: K = ■7D7J(2tfW) a 
J (2?rBW) 2 y ' 11.6 K A K T 



.707 J(2;rBW) 



-j .707 = - j k a k t 775 k p S0 | V i n g : k p 
J 1 J (2^BW) y P .775 K A Kj 



Let some values be assumed as an example and solve 

for the gains: 

Let: 

K A = 1 .0 Amp/volt 
K T = 3.5 oz-in/Amp 
J = .0098 oz-in-sec 2 
BW = 1 Hz. 

Kj = (.707 x .0098 x (27C1)2)/(1 1 .6 x 1 .0 x 3.5) = .00674 
K p = (.707 x .0098 x (2tc1))/(775 x 1 .0 x 3.5) = .016 

These gains and assumed values can be put into the 
loop gain equation and as a design verification a bode 
plot can be made with SERVOCALC®, see Figure 2. 

LQ= 11.6 (.00674) (1.0) (3.5) .775 (.016) 

(.0098) S 2 11.6 (.00674) 



In polynomial form: 



LG(s) = 



4.429 S + 27.923 



This polynomial is entered into the USER POLYNO- 
MIAL module of SERVOCALC® and a Bode plot made. 

As can be seen in the figure the dB crossover is at 1 
Hz and the phase margin is 45°. 

Now that the gains have been calculated they need to be 
set in to the circuit with resistors R p and Rj as in the data 
sheet. Let the summing resistor be R from the V in pin to 
ground as on the data sheet; a suggested value is 10 
KQ. Solving for the resistors in the general case: 



R P - R (■ 



1- K, 



:R (' 



1- K P 



K, 



1) 



-1) 



And solving for our example case: 



R D = 610 KQ 



R; = 1.45 Ma 
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INTRODUCTION 

The SSI 32P3000 is a high performance pulse detector 
for 48 Mbits/sec storage system applications. It pro- 
vides the complete solution for detection and qualifica- 
tion of encoded read signals. The AGC function, noise 
limiting filtering, pulse slimming, level and time qualifica- 
tions are all integrated into one chip. Additional features 
include input impedance control, fast AGC recovery 
from write-to-read transition, and independent positive 
and negative threshold qualifications. 

The objectives of this application note are to: 

• Present a brief description of the SSI 32P3000 

• Present a description of the evaluation board of 
the SSI 32P3000 

• Explain in detail key features of the SSI 32P3000 



SSI 32P3000 

Evaluation Board 



Application Note 



December 1992 

While the evaluation board design does not suggest 
optimized component values, which vary with system 
requirements, it presents a means to evaluate the 
performance of the SSI 32P3000. Test setups in evalu- 
ation of pulse pairing^ exercise of fast recovery function 
and others are suggested in this application note. 

1 .0 DESCRIPTION OF THE SSI 32P3000 

The AGC amplifier compensates for variations in head 
preamp output levels, and presents a constant input 
level to the pulse qualif ication circuitry. The AGC action 
can be suspended to hold at a constant gain in embed- 
ded servo decode or other processing needs. 

A programmable 7-pole Bessel low pass filter is in- 
cluded. Two sets of filter outputs are available: normal 
low pass output and differentiated low pass output. The 
signal delays of the two outputs are well matched, ideal 
in pulse qualification. The filter cutoff frequency can be 

(continued) 




Figure 1 : The SSI 32P3000 Block Diagram 
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1 .0 DESCRIPTION OF THE SSI 32P3000 

(continued) 

programmed from 9 to 27 MHz, via a current input. Up 
to 12dB high frequency boost (for pulse slimming) can 
also be independently programmed. The SSI 32P3000 
is ideal for constant density recording. 

Both level qualification and time qualification are used in 
the SSI 32P3000 pulse qualification. For level qualifica- 
tion, the filter output peak can be fed forward to establish 
the comparator hysteresis threshold. This allows the 
threshold to track the comparator input amplitude, and 
to qualify data while AGC amplifier settling is still in 
transition. The 32P3000 employs a dual-comparator 
qualification scheme, which allows independent posi- 
tive and negative threshold detection. This has the 
advantage of reducing error propagation. Fortime quali- 
fication, the differentiated filter output translates each 
input peak into a zero crossing, and is used in clocking 
the comparator outputs. 

For each peak of the VIA+/-, there is a one-shot pulse at 
the differential RD output. The pulse width of the one- 
shot pulse is determined by a user selected resistor at 
the OST pin. 

The SSI 32P3000 is available in a 36-pin SOM package. 

2.0 DESCRIPTION OF THE EVALUATION 
BOARD 

The SSI 32P3000 can be evaluated with the 48 Mbit/s 
Demo Board from Silicon Systems. This board is 
designed with the Silicon Systems 48 Mbit/s chip set: 
32P3000 (36-pin SOM) as the pulse detector, 32D4661 
(24-pin DIP) as the time base generator; and 32D539 
(44-pin PLCC) as the data synchronizer with 1 ,7 RLL 
ENDEC. The SSI 32D4661 provides two digital-to- 
analog converters (DAC) to program the filter cutoff 
frequency and the high frequency boost function of the 
SSI 32P3000 filter. In evaluating the SSI 32P3000, the 
SSI 32D539 is not needed. 

This evaluation board requires the Silicon Systems 
Serial Communication Board to interface between a 
RS232 serial port and the SSI 32P4661 . This reduces 
the filter programming to simple inputs through an IBM 
PC. Details in programming steps are discussed in a 
later section. 

The analog inputs, VIA+/-, mode control inputs, LOWZ, 
HOLD- and FAST REC, and read data outputs, RD+/- of 
the SSI 32P3000 are accessible through pin terminals. 
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The filter inputs and outputs are not brought out to pin 
terminals, but accessible at the pads of their respective 
coupling capacitors. 

3.0 EQUIPMENT AND SOFTWARE 
REQUIREMENTS 

To facilitate the following demonstrations of the SSI 
32P3000 with the Silicon Systems 48MB Demo Board, 
the following equipment and software are needed: 

• IBM PC with serial port on COM1 
Crosstalk communication software 

Silicon Systems Serial Communication Board 

Serial port setup file, provided with evaluation 
board 

+5V, +12V and -12V power supplies to the 
Serial Communication Board 

+5V power supply to Silicon Systems 48MB 
Demo Board 

• TTL pattern generator 

• Signal generator, with amplitude modulation 
input 

• Oscilloscope 

• Spectrum analyzer, with a tracking output, for 
filter characteristics measurements 

Time interval analyzer, for pulse pairing mea- 
surement 

4.0 DEMONSTRATIONS 

Four demonstration setups are presented in this section 
for: 

general functionality 

• pulse pairing 
filter characteristic 
fast recovery exercise 

4.1 SOFTWARE SETUP & COMMANDS 

To facilitate filter cutoff frequency and high frequency 
boost control, an RS232 serial port is used to command 
the two 7-bit DACs in the SSI 32D4661 . 

Two files can be found on the Silicon Systems Serial 
Port Setup Disk: "SERIALXTS" and "SERIAL.XTK". 
Both files should be copied to the Crosstalk directory. At 
prompt, type xtalk serial. Now, the Silicon Systems 
Serial Comm Board and the 32D4661 are ready to 
accept control commands from the keyboard. 
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4.1 SOFTWARE SETUP & COMMANDS 

(continued) 

In evaluating the SSI 32P3000, only two functions are 
controlled from the keyboard: the filter cutoff frequency 
and the high frequency boost. Because each DAC in the 
SSI 32D4661 is a 7-bit DAC and the Silicon Systems 
Serial Comm Board data is 4-bit wide, two registers are 
needed for each function control. Registers 8 and 9 are 
for high frequency boost control; Registers 10 and 11 
are for filter cutoff frequency control. Other registers are 
used to control the SSI 32D539 functions which are not 
covered in this application note. 

Upon power up of the evaluation board and the commu- 
nication board, these registers must be initialized by the 
user. For now, type R8=0 R9=0 R10=7 R11=15, 
followed by a carriage return. Details are given in 
Section 5.4 filter characteristics discussion. The above 
command sets the filter at 27 MHz cutoff frequency with 
no boost. 



4.2 GENERAL FUNCTIONALITY 

Figure 2 shows a general setup to evaluate the SSI 
32P3000. In normal read operation, the following con- 
ditions should be set: LOWZ=0, HOLD-=1 and FAST 
REC=0. With an 18 MHz, 200 mVpp sinusoidal input, 
the RD+/- shows a pulse corresponding to each positive 
peak and each negative peak, as shown in Figure 3. The 
pulse width has beerrpreset to be ~ 1 0ns, with RT = 3kQ. 
The user may change the pulse width by replacing RT. 

RT = 302Q + Pulse Width / [ 0.159 ( 22 pF + Cstray ) ] 
RT should be between 3 kft to 1 k£l 



4.3 PULSE PAIRING MEASUREMENT 

The SSI32P3000 has demonstrated excellent pulse 
pairing performance, less than 500ps. Pulse pairing is 
one of the most critical parameters of any pulse detec- 
tor. It is defined to be the systematic time error from 
ideal, caused by comparator threshold offset, in pulse 
detection of an input signal peak. 



» IBM PC w/ RS232 on COM1 

• Crosstalk 

• SSi Serial Comm Files 
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Figure 2: SSI 32P3000 Evaluation Board General Setup 
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Figure 3: Normal Read Function: 18 MHz Sinusoidal Input (top) and RD Pulses (bottom) 



• IBM PC w/ RS232 on COM1 

• Crosstalk 

• SSi Serial Comm Files 




Time Interval Analyzer 



A bknodal distribution 

is a measure of pulse pairing. 





SSI 48MB Evaluation Board 



PP m 0.5 x Distance between two peaks 



Figure 4: SSI 32P3000 Evaluation Board Pulse Pairing Setup 
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100/div rel = 28.090 nsi 

mean = R 261 PS 1 




Figure 5: Histogram of RD Periods with 18 MHz Sinusoidal Input 
No Bimodal Distribution => Pulse Pairing less than 500 ps 



4.3 PULSE PAIRING MEASUREMENT 

(continued) 

The test procedure is as follows: 

Feed a low jitter sinusoidal input 

Measure the time distance between RD pulses, 
corresponding to one positive peak detection 
and one negative peak detection 

Histogram plot measurements 

Significant pulse pairing will appear as a bimo- 
dal distribution of time period measurements 

Pulse pairing can be calculated as half of the 
time distance between two peaks in the histo- 
gram plot 

Figure 4 shows a setup for the pulse pairing measure- 
ment. The SSI 32P3000 has demonstrated less than 
500 ps pulse pairing, as shown in Figure 5. 



4.4 FILTER CHARACTERISTIC 

The SSI 32P3000 is ideal for constant density recording 
application with its programmable filter. The filter is a 7- 
pole Bessel low passf ilter with normal output, as well as 
differentiated output. The normal output is for level 
qualification; the differentiated output is for time qualifi- 
cation. Their signal delays are well matched. The group 
delay is maintained within ±300 ps from .3 fc to /c. The 
filter cutoff frequency can be programmed from 9 MHz 
to 27 MHz through a current input at the IFI pin. The high 
frequency boost can be programmed from to 12 dB 
through a voltage input at the VBP pin. 

fc = 45 x IFI MHz; IFI in mA (at room temp.) 

Boost = 20 x log [ Kb (VBP / VRG) + 1 ] dB; 

VRG is reference voltage at Pin 1. 
Kb = 3.041 + 0.0276 x fci, where fci is the 
ideal cutoff frequency. 

Figure 6 shows a test setup to evaluate the frequency 
response of the SSI 32P3000 filter. The SSI 32D4661 
provides two 7-bit DACs for ease of programming. 
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Figure 6: SSI 32P3000 Evaluation Board Filter Characteristic Setup 



The full scale DAC value, i.e., Code 1 27, corresponds to 
maximum cutoff frequency, 27MHz, or maximum boost, 
12dB. In decimal code, the cutoff frequency and high 
frequency boost can be calculated as follows: 

fc = 27 MHz x ( DACF Code ) / 127; 
42 < DACF Code < 127 

Boost = 20 x log [ Kb x ( DACS Code ) / 127 + 1 ] dB; 
< DACS Code < 127 

Because the Silicon Systems Serial Communication 
Board works with 4-bit nibbles, each 7-bit code is 
divided into two registers. For cutoff frequency control, 
R10 and R11 represents the 3 most significant bits 
(MSB) and the 4 least significant bits (LSB), respec- 
tively. Only the lower 3 bits of R1 4-bit nibble is used. 
For high frequency boost control, R8 and R9 represents 
the 3 MSBs and the 4 LSBs, respectively. 



For example, the user wants to program the filter to 
14 MHz cutoff with 3 dB boost. The DAC codes are 
calculated as the following: 

DACF Code = 127 x 14/27 = 66, R10=4 R11=2; 
DACS Code = 127 x [ 10 A ( 3 / 20 ) -1 ] / 3.467 = 15, 
R8=0 R9=15. 

At the keyboard, the user enters R8=0 R9=15 R10=4 
R1 1 =2, followed by a carriage return. 

To evaluate the frequency response of the filter, the 
AGC amplifier gain must be held constant, HOLD-=0. 
The tracking output of the spectrum analyzer sweeps 
the signal over a frequency spectrum. The filter output 
can be examined at the pad of C5 on the board. Figure 
7 shows the filter responses at 9MHz and at 27MHz. 
Figure 8 shows the filter response with no boost and that 
with maximum boost. 
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REF -29.3 dBm MARKER 27 790 600.0 Hz 
1 dB/DIV RANGE .0 dBm -35.20 dBm 




















































































































































































































START 1 00 000.0 Hz STOP 40 000 000.0 Hz 
RBW 30 kHz VBW 30 kHz ST .2 SEC 





Figure 7: SSI 32P3000 Filter Magnitude Responses at 9 MHz (left) and 27 MHz (right) Cutoff 





REF -15.0 dBm OFFSET .0 Hz 

5 dB/DIV RANGE .0 dBm 13.40 dB 
















































































































































































































START 1 00 000.0 Hz STOP 40 000 000.0 Hz 
RBW 30 kHz VBW 30 kHz ST .2 SEC 





Figure 8: Cutoff Frequency = 14 MHz. The SSI 32P3000 Filter Response with no boost 
(bottom) and with maximum boost (top) 
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4.5 AGC ACTIONS & RECOVERY 

The SSI 32P3000 has the following AGC control fea- 
tures: 
• Automatic 

Fast Attack: When the DIN+/- input exceeds the 
preset nominal level (IVpp) by 25%, a fast attack 
current, 2.24 x IFI, quickly discharges CBYP and 
lowers the AGC amplifier gain. 

Slow Attack: When DIN+/- input exceedsthe preset 
nominal level by less than 25%, a slow attack 
current, 0.32 x IFI, discharges CBYP and lowers the 
AGC amplifier gain until DIN+/- returns to nominal 
level. 

Slow Decay: When the DIN+/- input falls below the 
preset nominal level, a small decay current, 0.008 
x IFI, charges CBYP and increases the AGC ampli- 
fier gain until DIN+/- returns to nominal. Because 
Fast Attack and Slow Attack currents are much 
larger than that of Slow Decay, it is obvious that 
AGC amplifier gain can be lowered quickly, but can 
only be increased very slowly. The purpose of the 
large ratio between attack/decay current is to en- 
sure that the AGC settles to the peak-to-peak 
voltage amplitude. 



• User Control 
Fast Recovery: To recover the AGC amplifier gain 
from a low gain condition rapidly, the FAST REC 
can be asserted. With FAST REC = 1 , a fast decay 
current, 0.16 x IFI, charges CBYP continuously, 
independent of signal level. While the Fast and 
Slow Attacks are still active, the AGC amplifier gain 
settles quickly to -125% of nominal. When the 
FAST REC returns to 0, the Fast Attack and Slow 
Attack actions restore the AGC amplifier gain to 
100% level. 

Hold: When HOLD- = 0, all the above AGC actions 
are suspended. The AGC amplifier gain is held 
constant, except for leakage effects. 

The setup in Figure 9 is used to demonstrate the 
advantage of the FAST REC function. Figures 10a & 
1 0b show the AGC amplifier gain recovery time without 
and with the FAST REC function, respectively. Without 
the FAST REC function, the AGC amplifier gain slowly 
recovers to the 100% nominal level, due to the small 
decay current. With the FAST REC function, the AGC 
amplif ier gain quickly reaches 1 25%+. When the FAST 
REC returns to 0, the attack time is very short. One 
application of the FAST REC function is immediately 
after a long hold period during which the gain could have 
drifted low. 




Figure 9: SSI 32P3000 Evaluation Board AGC Recovery Setup 
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Figure 10: AGC Recovery Without Using FAST REC 
FAST REC = 
HOLD- 

Analog Input: Amplitude Modulated to Simulate Gain Change 
DIN± 




Figure 11 : AGC Recovery With FAST REC 
FAST REC 
HOLD- 
Analog Input 

DIN±: Note fast recovery settling to above 100% and attacking 
at the end of fast recovery 
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1.0 INTRODUCTION 

Silicon Systems Inc. is pleased to introduce the SSI 
32P4730 /4731, the highest performance single-chip 
read channel device available. This device contains all 
the functions needed to implement a complete zoned 
recording read channel for hard disk drive systems. The 
functional blocks include a pulse detector, program- 
mable filter, 4-burst servo circuit, time base generator, 
and a data separator with a 1 ,7 RLL EN DEC. The data 
sheet shows the device block diagram of the SSI 32 P4730 
and 32P4731, respectively. The operating NRZ data 
rate is programmable from 8 to 24 Mbit/s. 

While both the SSI 32P4730 and 32P4731 provide a 
4-burst servo capture circuitry, the distinction is in the 
servo output form. The SSI 32P4730 features A+B, 
A-B and C-D outputs. The SSI 32P4731 features indi- 
vidual Burst A, B, C and D outupts. 

This application note details the operation of all func- 
tional blocks of the SSI 32P4730/4731 . This is an 
abridged applications note for the SSI 32P473014231 , 
a more detailed note is available upon request. Design 
notes and evaluation techniques are suggested when 
applicable. This note is intended to supplement the 
device specification. For updated device parameter 
limits, the user is recommended to refer to the specifica- 
tion. 

GENERAL FEATURES 

• Programmable data rate 8 - 24 Mbit/s 

• Low power dissipation 450 mW typ @ 24 Mbit/s 
and 5V supply 

• Bi-directional serial port programming 

• Flexible power management less than 5 mW in 
complete power down 

• Wide power supply range 4.5 to 5.5 V 

• Small footprint 64-lead TQFP package 

Pulse Detector 

• Fast attack / decay mode for rapid AGC recovery 

• Dual rate charge pump for fast transient recovery 

• Programmable qualification threshold 
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• Low drift AGC hold circuitry 

• Temperature compensated, exponential control 
AGC 

• Wide bandwidth, high precision full-wave rectifier 

• Dual mode pulse qualification circuitry (user se- 
lectable^ 

• TTL RDIO signal output for servo timing support 

• Internal Low-Z and fast decay timing for rapid 
transient recovery and AGC acquisition 

• 0.5 ns max pulse pairing 

Servo Capture 

• 4-burst servo capture 

• Internal hold capacitors 

• Separate registers for filter cutoff and qualifica- 
tion threshold in servo mode 

• Servo AGC level programmable via 4-bit DAC 

• P4730: A+B, A-B and C-D outputs 
P4731 : Burst A, B, C and D outputs 

Programmable Filter 

• Cutoff frequency programmable from 3 to 9 
MHz, within ±10% accuracy 

• Boost programmable from to 13 dB 

• Matched normal and differentiated outputs 

• Constant group delay, within ±2% variation 

• Low Z for rapid transient recovery 

• No external filter components needed 

Time Base Generator 

• Better than 1 % frequency resolution 

• Up to 75 MHz frequency output 

• Independent M and N divide-by counters 

• VCO center frequency matched to data 
synchronizer VCO 

Data Separator 

• Fast acquistion phase lock loop with zero 
phase restart technique 

• Programmable high phase detector gain switch 
for fast acquisition 

• Integrated 1,7 RLL encoder/decoder 

• Programmable decode window symmetry 
control via serial port 

• Programmable write precompensation 

• Hard and soft sector operation 
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2.0 CONTROL REGISTER MAPPING & 
SERIAL INTERFACE DESCRIPTION 

For flexible system applications, the SSI 32P4730/31 
features 14 control registers for device configuration. 
The control words can be loaded to or read back from 
these registers via the 3-pin serial interface. This 
section defines the register mapping and the serial 
interface timing. 

Upon power up from no supply voltage state, the 
control registers are at random state, and should be 
programmed before system operation. The control 
register contents are retained whe n the de vice is 
powered down to idle mode, i.e. with PWRON = 1 . 

2.1 COMMAND REGISTER MAPPING 
Power Down Control Register 

Address (A6..A0) = 00000 1 = 02 HE x 

D7 (MSB) - D5 Internal hardwired for factory use only 

D4 = 1 Time Base Generator is disabled, re- 
ducing power dissipation by 100 mW. 
= Time Base Generator is active. 

D3 = 1 Data Separator is disabled, reducing 
power dissipation by 120 mW. 
= Data Separator is active. 

D2 = 1 Programmable Filter is disabled, re- 
ducing power dissipation by 100 mW. 
= Programmable Filter is active. 

D1 = X Not used, don't care 

DO = 1 Pulse Detector/Servo is disabled, re- 
ducing power dissipation by 75 mW. 
(LSB) = Pulse Detector/Servo is active. 

Data Mode Cutoff Register 

Address (A6..A0) = 000001 1 = 03 HE x 

D7 (MSB)= X Not used, don't care 

D6..D0 Filter cutoff frequency control in the 

data read mode. 

/c(MHz) = 9 -Code/ 127 

Maximum code , 1 1 1 1 1 1 1 or 1 27 deci- 
mal, represents the maximum 9 MHz 
cutoff frequency. 

Minimum code is 42, for 3 MHz cutoff 
frequency. 



Servo Mode Cutoff Register 

Address (A6..A0) = 00 1 1 1 = 13 HE x 

D7 (MSB)= X Not used, don't care 

D6..D0 Filter cutoff frequency control in the 

Servo mode. 

Filter Boost Register 

Address (A6..A0) = 000 1 1 1 = 0B HE x 

D7 =1 Filter boost remains active in the Servo 
mode. 

(MSB) =0 Filter boost is disabled in the Servo 
mode. 

D6..D0 Filter boost control setting 

Boost (dB) = 

20 log [(0.0273 • Code) + 1] 
Maximum boost, 13 dB, is set with 
Code = 127 decimal. 

Minimumcode, 0, represents no boost. 
Data Threshold Register 
Address (A6..A0) = 000 1 1 = 0A HE x 

D7 = 1 Window Threshold Qualification in 
Data Read Mode 

(MSB) = Hysteresis Threshold Qualification in 
Data Read Mode 

D6..D0 Qualification threshold percentage 

setting in Data Read Mode 

Qual % = 97.6% • Code / 1 27 

Qual % should be limited between 
10% to 80%. Thus, this code should 
be restricted from 13 to 104. 

Servo Threshold Register 

Address (A6..A0) = 00 1 00 1 = 12 HE x 

D7 = 1 Window Threshold Qualification in 
Servo Mode 

(MSB) =0 Hysteresis Threshold Qualification in 
Servo Mode 

D6..D0 Qualification threshold percentage 

setting in Servo Mode 
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Control A Register 

Address (A6..A0) = 0011010 = 1 A HE x 



D7 

(MSB) 



D6-5 



D4 

D3 
D2 

D1 

DO 



= 1 Not in fast decay current test mode 
= Fast decay current is always turned 
on, for test use only. O ther AGC 
actions, such as HOLD, attack, ... 
remain active. 

Test point source select bits, work in 
combination with Control B Register : 
D6. See Section 4.5. 

= 1 Frequency synthesizer is bypassed. 

TBG output = FREF 
= Frequency synthesizer is active. 

TBG output = FREF • [(M+1 ) / (N+1 )]. 

= 1 Enables test point MTP3 

= Test point MTP3 forced to Logic 1 

= 1 TBG phase detector pump down state, 

for test use only. 
= Not in TBG phase detector Pump Down 

Test mode 

= 1 TBG phase detector pump up state, for 

test use only 
= Not in TBG phase detector Pump Up 

Test mode 



= 1 TBG phase detector active 
= TBG phase detector disabled, allow- 
ing pump up/down test modes 

Only one bit of {DO, D1 , D2} can be set to 1 at any one 
time. Violation causes indeterminate state. 

Control B Register 

Address (A6..A0) = 000 1 1 00 = 0C HEX 

D7 (MSB)= X Not used, don't care 

D6 = 1 Enables test points MTP1 and MTP2 
= Test points MTP1 and MTP2 forced to 
Logic 1 

D5 =1 Data Separator phase detector pump 
down state, for test use only 
= Not in Data Separator phase detector 
Pump Down Test mode 

D4 = 1 Data Separator phase detector pump 
up state, for test use only 
= Not in Data Separator phase detector 
Pump Up Test mode 



D3 = 1 Data Separator phase detector active 
= Data Separator phase detector dis- 
abled, allowing pump up/down test 
modes 

Only one bit of {D3, D4, D5} can be set to 1 at any one 
time. Violation causes indeterminate state. 



D2 
D1 

DO 



= 1 



The RDIO pin is an input pin. 
The RDIO pin is an output pin. 

Data Separator phase detector gain 
shift is enabled. 

Data Separator phase detector gain 
shift is disabled. See Section 4.8. 

Direct write enabled, i.e. write data 
bypasses the ENDEC. 
= Direct write disabled, i.e. write data is 
encoded before appearing at write data 
output. 

N Counter Register 

Address (A6..A0) = 00 1 1 = 06 HE x 

D7 (MSB)= X Not used, don't care 

D6..D0 7-bit N counter code in Time Base 

Generator frequency synthesizer 

See Section 4.3 for N selection. 

N Counter can be programmed any- 
time, but becomes effective only after 
a subsequent Date Rate Register pro- 
gramming. 

M Counter Register 

Address (A6..A0) = 000 1 1 1 = 0E HE x 

D7..D0 8-bit M counter code in Time Base 

Generator frequency synthesizer 

Fout = [(M + 1)/(N + 1)]-Fref, 

Fout = TBG output frequency 
Fref = Reference frequency @ 
FREF pin 

M Counter can be programmed any- 
time, but becomes effective only after 
a subsequent Date Rate Register pro- 
gramming. 
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2.0 CONTROL REGISTER MAPPING & 
SERIAL INTERFACE DESCRIPTION 

(continued) 

2.1 COMMAND REGISTER MAPPING (continued) 
Data Rate Register 

Address (A6..A0) = 0000100 = 04 HE x 

D7 (MSB) = X Not used, don't care 

D6..D0 Per data rate, code sets the VCO 

center biasing 

Code = (3 • DR MHz - 4.27 ) / 0.622, 
(use 1 .5 • DR for 1 .5X VCO's) 

For 20 Mbit/s operation, 
Code = 90, i.e. 1011010 

Window Shift Register 

Address (A6..A0) = 0000 1 1 = 05 HE x 

D7..D6 = 00 Fc DAC output, i.e. filter cutoff, 

@DACOUT 
= 01 Vth DAC output, i.e. qualification 

threshold, @ DACOUT 
= 10 Ws DAC output, i.e. window shift, 

@ DACOUT 
= 11 Wp DAC output, i.e. write precomp, 

@ DACOUT 

D5 = 1 Window shift function enabled 
= Window shift function disabled 

D4 = 1 Window shift direction : Late 
= Window shift direction : Early 

D3-0 4-bit code to set the window shift mag- 

nitude 

Window Shift % of Data 
Separator VCO Period = 
30% - Code • 2% 

For 20% shift, 
Code = 5 i.e. 0101 



Write Precomp Register 

Address (A6..A0) = 000 1 1 1 = 0D HE x 

D7 = 1 Servo burst reset in High Resolution 
mode 

= Servo burst reset in Normal mode 



D6..D4 
D3 



Not used, don't care 



= 1 Write Precomp function enabled 
= Write Precomp function disabled 

D2..D0 3-bit code to set the write precomp 

magnitude 

The need and direction of write 
precomp is determined by data pat- 
tern. But precomp magnitude is pro- 
grammable via this register as the 
following: 

= 000 7 x TSTS = 0.04 • Data Separator 
PLL reference clock period, i.e. 
the TBG output 

= 001 6 x 
= 010 5x 
= 011 4x 
= 100 3x 
= 101 2x 
= 110 1x 
= 111 No Precomp 

Servo AGC Level / Peak Detector Current Register 

Address (A6..A0) = 1 000 1 = 22 HE x 

D7. . D4 4-bit code to set the output current of 

the servo peak detector charge pump. 
The current is programmable from 
6uA to 96ua. Maximum noise immu- 
nity is obtained in the servo peak 
detector by choosing the smallest 
value of charge current. 

PDCurrent = ( code • 6 uA) + 6 uA 

D3..D0 4-bit code to set the AGC nominal 

level at the DP/DN in the servo mode 
only. 

Nominal level at DP/DN = 
1 - Code - 0.0153 Vppd 

For 0.8 Vppd at DP/DN, code = 
13, i.e. 1101 
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3.0 MODES OF OPERATION & 
POWER MANAGEMENT 

The SSI 32P4730/4731 has several operating modes 
that support read, write, servo and power management 
functions. Mode selection is accomplished by control- 
ling the re ad gate ( RG), write gate (WG), servo gate 
(SG) and PWRON pins. Additional modes are con- 
trolled by programming the Power Down Control Reg- 
ister (PDCR), the Control A Register (CAR), and the 
Control B Register (CBR). This section discusses the 
controls of each mode. The detailed operating func- 
tions are presented in Section 4. 

3.1 POWER MANAGEMENT 

For optimal overall system power saving, the SSI 
32P 4730/4731 allows flexible power down options. 
With PWRON = 1 , the entire device is powered down, 
except the serial interface and the control register. 



Pin 


Power Down Voltage 


Typical Recovery Time 


VIA± 


4.0 V 


2 |is 


DP, DN 


5.0 V 


6 |is 


CP, CN 


5.0 V 


12 fj.s 


IN± 


3.8 V 


5 us 


MTP1,2,3 


Pseudo-ECL logic '1 ' 


350 us 


OD± 


4.5 V 


0.5 us 


ON± 


4.5 V 


2.8 |is 


VOA± 


4.4 V 


3|is 


DACOUT 


5.0 V 


1 |IS 


TFLT± 


V 


13 us, loop filter dependent 


DFLT± 


V 


13 us, loop filter dependent 


LEVEL 


3.9 V 


2 us 


RR 


V 


0.5 |is 


RTS 


3.9 V 


20 |is in Non-Servo mode, 0.8 us in Servo mode 


RTD 


3.9 V 


20 us in Non-Data mode, 0.8 us in Data mode 


RX 


V 


1.5 us 


SREF 


OV 


100us 


A-B 


5V 




C-D 


5V 




A+B 


5V 




BYP 


Leakage effect only 





With PWRON = 0, the device is in normal operation 
mode. Each individual function can be powered down 
by programming the Power Down Control Register. An 
important consideration in exercising the power down 
functions is the recovery time. 

The recovery time from a power down mode is applica- 
tion dependent. While most of the internal nodes within 
the device can recover very quickly, the I/O DC bias 
settling times depend on the external ac-coupling and 
bypass capacitors. All TTL logic inputs are not affected 
by any power down state. However, for low power 
dissipation, these logic inputs are recommended to be 
at a logic T state. All TTL logic outputs are in high 
impedance states. These logic outputs return to active 
state in less than 1 us after power up. The following are 
some notes on the other l/Os power down recovery 
behavior. 
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3.0 MODES OF OPERATION & 

POWER MANAGEMENT (continued) 

3.2 READ MODE 



3.4 SERVO MODE 



When PWRON = 0, SG=0 and RG = 1, the SSI 
32P4730/4731 is in Data Read mode. All the control 
bits in the Power Down Control RegistermusX be reset 
to 0. 

In the data read mode, all functions of the SSI 32P4730/ 
31 , except the servo, are active.The AGC amplifier 
amplifies the read signal. The low pass filter bandlimits 
the high frequency noise and applies pulse slimming. 
The pulse qualifier validates each valid signal peaks. 
The time base generator provides an internal fre- 
quency reference to the data separator at 3X the NRZ 
data rate. The data separator phase locked loop is 
locked onto the read data pulses from the pulse quali- 
fier. The clock is extracted from the data bits. The data 
is re-synchronized and decoded into NRZ data. 

The servo outputs remain to be valid and are held 
constant from the previous servo sampling. 

3.3 WRITE MODE 



When PWRON = 0, SG=0, RG = 0, and WG = 1 , the SSI 
32P4730/31 is in write mode. At the least, the data 
separator and the time base generator control bits in 
the Power Down Control Register must be reset to 0. 

In the write mode, the SSI 32P4730/31 accepts the 
NRZIN input at each rising edge of the WCLK. The data 
is encoded into 1,7 RLL codes, unless the ENDEC 
bypass is chosen for direct write. Write 
precompensation, if enabled, is applied to selected 
data pattern. The coded data is re-synchronized at the 
WD output by the internal data separator reference 
clock. 

The pulse detector and programmable filter are not 
used in the write mode. The AGC amplifier gain is held 
constant at prior to entering the write mode. The servo 
outputs remain to be valid and are held constant from 
the previous servo sampling. 



PWRON 


SG 


RG 


WG 


MODE 


1 


X 


X 


X 


SLEEP 














IDLE 





1 


X 


X 


SERVO 








1 


X 


READ 











1 


WRITE 



When PWRON = and SG = 1 , the SSI 32P4730/4731 
is in Servo mode. At the least, the pulse detector/servo 
and the programmable filter control bits in the Power 
Down Control Register must be reset to 0. 

While the SSI 32P4730 and the SSI 32P4731 feature 
different servo outputs, both share the same servo 
sampling sequence in operation. In the servo mode, 
the AGC amplifier remains active. A servo AGC pa ttern 
should be pro vided fo r servo AGC with the HOLD input 
at '1 '. With the HOLD input at '0', the AGC amplifier gain 
is held constant. The servo A, B, C and D bursts are 
sampled and captured. 

The servo operation, with the distinctions between the 
SSI 32P4730 and the SSI 32P4731, is detailed in 
Section 5.0. 

4.0 READ MODE EVALUATION 

As a single-chip read channel IC, the SSI 32P47304731 
supports many functions in read mode alone. This 
section discusses the functions of the various blocks. 
Where appropriate, lab experiments are suggested in 
evaluation. 

4.1 PULSE DETECTOR FUNCTION 

The pulse detector is the first block of the SSI 32P4730/ 
4731 . It amplifies, validates and time-preserves the 
read signal from a read/write pre-amp, such as the SSI 
32R2020. The pulse detector block includes the 
wideband AGC amplifier, the AGC control circuitry, the 
7-pole programmable low pass filter, and the pulse 
qualifier. 

4.1 .1 AGC Amplifier & Control 

The wideband AGC amplifier accepts a low amplitude 
read signal, typically <200 mVppd, and amplifies it to a 
larger amplitude priorto pulse qualif ication. Because of 
varying head-to-media conditions, the amplifier gain is 
automatic-gain controlled to provide a 1 Vppd signal at 
the DP/DN pins. The amplifier gain is an exponential 
function of the voltage at the BYP pin. For reference 
use only, the gain function is Av = 1 2 exp {2.5 ( V@BYP 
+ 2.15- VPG)}. Internal clamp circuitry clamps the BYP 
pin voltage between -2.0V and -3.5V. The clamp 
resistance is <10 Q. It is advised not to sink or source 
more than 3 mA at the BYP pin. 



Mode Control 
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The AGC actions are current charging and discharging 
the external BYP integrating capacitor to maintain a 
1Vppd at the DP/DN pins. They are described as 
follows: 

• Slow Decay 

When the instantaneous DP/DN signal is below 
1Vppd, a slow decay current, 4.0 uA, charges 
the BYP capacitor. The AGC amplifier gain is 
increased slowly. 

• Slow Attack 

When the instantaneous DP/DN signal exceeds 
"IVppd, but is below 1.25 Vppd, a slow attack 
current, 0.18 mA, dischargesthe BYP capacitor. 
The AGC amplifier gain is decreased. 

• Fast Attack 

When the instantaneous DP/DN signal exceeds 
1 .25Vppd, the device enters a fast attack mode. 
A fast attack current, 1 .26 mA, discharges the 
BYP capacitor. The AGC amplif ier gain is quickly 
lowered. 

• Write-to-Read Recovery 

With a 1-to-0 transition of the WG, the SSI 



32P4730 enters the write-to-read recovery mode. 
The input impedance remains in low impedance 
state for 1 us for fast input DC coupling recovery. 
Then, the device restores to high input imped- 
ance state, and enters into af ast decay mode. In 
the fast decay mode, a high current quickly 
charges the BYP capacitor until the signal at DP/ 
DN exceeds 125% of nominal. After reaching 
125%, the high current is disabled and the slow 
attack sequence commences. (Otherwise only 
the slow decay mode is available to increase the 
AGC amplifier gain.) Figure 4.1.1 shows the 
write-to-read AGC action timing. This same se- 
quence is executed when the device switches 
from power down to power up mode. 

All the AGC actions are suspended in any one of the 
following conditio ns: 

• HOLD = 0, or 

• Write mode. 

The AGC amplifier gain is then held constant, except 
for leakage effect. 



WRITE NON-WRITE 

1 



WRITE NON-WRITE 



l 0.9 ils 



0.9 |xs I 



LOW INPUT L 
IMPEDANCE 



FAST DISCHARGE 



SWITCH 



DP/DN 
ENVELOPE 




(NOT ACTIVE IF 
DP/DN ABOVE 125%) 

125% OF NOMINAL LEVEL 



LOW INPUT 
IMPEDANCE 



FAST DISCHARGE 



DP/DN 
ENVELOPE 



FAST ' SLOW 
ATTACK ATTACK 




125% OF NOMINAL LEVEL 



FAST SLOW 
DECAY ATTACK 



FIGURE 4.1.1 : AGC Action Timing in Write-to-Read Recovery 
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4.0 READ MODE EVALUATION (continued) 

4.1 PULSE DETECTOR FUNCTION (continued) 

4.1.2 Low Pass Filter Function 

From the head/media point to the AGC amplifier out- 
put, the signal path should have very wide bandwidth, 
and is therefore noisy. To reduce false pulse qualifica- 
tion, the SSI 32P4730 includes a 7-pole 0.05° phase 
equiripple programmable low pass filter to reject noise 
beyond the signal frequency of interest. In addition, this 
f ilter provides pulse slimming equalization for improved 
pulse pairing performance. Ideal for zoned bit record- 
ing applications, the filter bandwidth and the pulse 
slimming equalization are both programmable through 
the serial port. The filter's normal low pass output, 
ON±, is the input to the pulse qualifier. 

An additional function of the filter is to provide a time 
differentiated signal of the read data, i.e. 90° phase 
lead. Each read data peak is translated into a zero- 
crossing at the OD±. This time differentiated output is 
used in time qualification as described in the next topic. 

The control and the dynamics of the filter are discussed 
in Section 4.5. 

4.1 .3 Pulse Qualifier Function 

The pulse qualifier transforms each valid analog read 
data pulse into a digital pulse, while preserving the 
relative time position of each valid pulse peak. Each 
DP/DN pulse is validated by a combination of level 
qualification and time qualification. The SSI 32P4730/ 
4731 supports two methods of level qualification: win- 
dow threshold qualification and hysteresis qualifica- 
tion. In time qualification, the time differentiated filter 
output is used to locate the signal peaks in time. 

Level Qualification 

The two options in level qualification are: window 
threshold qualification and hysteresis qualification. 

Window Threshold Qualification'. When in window 
threshold qualif ication mode, independent positive and 
negative threshold qualification comparators are used. 
A slight amount of local hysteresis is included to 
increase the comparator output time when a signal that 
just exceeds the threshold level is detected . This eases 
the timing with respect to the zero crossing clock 
comparator. Any peak, regardless of polarity, which 
exceeds the programmed threshold level triggers the 
read data one-shot. Qualification thresholds from 1 0% 
to 80% may be set with a resolution of 1%. A parallel 
R-C network of RTD and CT set the hysteresis thresh- 
old time constant when not in the Servo mode. 



Hysteresis Qualification: When the hysteresis qualifi- 
cation mode is selected, the same threshold qualifica- 
tion mode is selected, the same threshold qualification 
comparators and clock comparators are used to imple- 
ment a polarity checking rule. In this mode, a positive 
peak that clears the established threshold level will set 
the hysteresis comparator and trigger the bidirectional 
one-shot that creates the read data pulses. In order to 
get another pulse clocked out, a peak of the opposite 
polarity must clear negative threshold level to reset the 
hysteresis comparator and trigger the bidirectional 
one-shot. 





QUAL% = — -100% 




Y 







FIGURE 4.1.2: Qualification Percentage Definition 



Qualification threshold in percentage is defined to be 
the distance between the positive threshold and the 
negative threshold as a percentage of the DP/DN 
peak-to-peak. The SSI 32P4730 has a 7-bit DAC to 
allow flexibility in qualification % setting through serial 
port programming, with better than 1% resolution. 

Qualification Percentage = 97.6% • DAC Code / 127. 

Because the qualification percentage should be be- 
tween 10% to 80%, the DAC Code must be limited 
between 1 3 and 1 04, in decimal. Operation outside of 
this range may result in qualification percentage set- 
ting inaccuracy. 

The qualification threshold DAC can accept its 7-bit 
input code from one of two registers, Data Threshold 
Register or Servo Threshold Register, depending on 
the operation mode. Thus, the qualification percentage 
can be set separately for the normal data read mode 
and the servo mode. The MSB bit (D7) of each register 
selects the level qualification method, either window 
threshold or hysteresis. 
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FIGURE 4.1.3: Window Threshold Qualification & Hysteresis Qualification 



Qualification Threshold Time Constant 

Because the qualification threshold is set as a percent- 
age of the pulse qualifier input's peak-to-peak swing, 
this threshold can track with any long term signal 
amplitude variation at the DP/DN input. An external 
R-C network, with an internal 50 uA pull down current 
source, from the LEVEL output to the RTD pin (or the 
RTS pin for servo mode) determines the tracking time 
constant. 

There are two constraints in determining this R-C time 
constant: 

• This time constant should not be too small such 
that the threshold may track the noise. 

• This time constant should not be too large such 
that reasonably lower amplitude pulses are not 
qualified. 



Both constraints are system dependent, specifically 
the head/media combination. The user must determine 
these limits. However, it is accurate to say that the time 
constant should be smaller than that of the AGC loop. 
Otherwise, the AGC loop will restore 1 Vppd at the DP/ 
DN input, and this defeats the purpose of the tracking 
threshold. 
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4.0 READ MODE EVALUATION (continued) 

4.1 PULSE DETECTOR FUNCTION (continued) 

4.1.3 Pulse Qualifier Function (continued) 

Lab Experiment 4.1: Pulse Detector Qualification 
Threshold Time Constant 

The SSI 32P4730 supports a tracking qualification 
threshold in pulse detection. Given a change in input 
signal amplitude, at a rate faster than the AGC loop can 
respond, the qualification threshold can remain as a 
fixed percentage of the signal level, if its time constant 
is set properly. This qual threshold time constant is 
determined by an external R-C network between the 
LEVEL pin and the RTD (or RTS) pin, with an internal 
50 u>A pull down current at the LEVEL pin. Because the 
LEVEL voltage 70 is the reference voltage for the 
internal 7-bit threshold setting DAC, the percentage 
change in (V@LEVEL - VRC) is the same as the 
qualification threshold voltage. The key point is then to 
allow the LEVEL 70 voltage to track with any change in 
signal amplitude with the two constraints discussed 
above. 

For this experiment, the AGC time constant is made 
artificially large with a 0.01 jiF BYP capacitor. This is to 
suppress the AGC action to emphasis the qualification 
threshold time constant effects. 

What would happen if the qualification threshold time 
constant is too large? 

A 0.033u.F capacitor is connected between the LEVEL 
pin and the VPA pin. The resistor is omitted, but the 
internal pull down current provides a discharge path. 
With 50 mA discharge current, the maximum decay rate 
at the LEVEL pin is 50 juA /0.033 \sF = 1.52 mV/ns. 
Nominally, the LEVEL voltage is at 0.65V above the 
VRC voltage. Thus, the percentage change rate of the 
qualif ication threshold voltage is 1 .52 / 650 x 1 00% per 
jus = 0.24%/ps. The actual qualification percentage 
change is then 0.24%/m.s x Set Qual Level. If the 
qualification level is set at 50%, for example, the 



qualification percentage change rate is 0. 1 2%/jis. If the 
DP/DN signal changes faster than this rate, the quali- 
fication threshold may not stay at 50% level. 

Photo 4.1 . 1 sho ws the dynamic input signal, the LEVEL 
voltage and the RDIO. The input signal changes gradu- 
ally from 100 mVppd to 40 mVppd, and remains at 40 
mVppd for 10 ms. The qualification level is set at 50%. 
Because of the large time constant, the LEVEL voltage 
does not track with the input amplitude. The qualifica- 
tion threshold remains at 50% of the larger input signal. 
As a result, the pulses of 40 mVppd are not qualified 
and missed. Photo 4.1 .2 shows the same signal dy- 
namics with a 330 pF capacitor from the LEVEL pin to 
the RTD pin. 

What would happen if the qualification threshold time 
constant is too small? 

To exaggerate the effects, no external capacitor, ex- 
cept parasitics from scope probe, is placed between 
the LEVEL pin and the VPA pin. The input signal has 
a sequence of 100 mVppd pulses, followed by a '0' 
period for 500 ns and two weak pulses of 20 mVppd. 
The qualification level is set at 50%. Should the thresh- 
old stay rigid, the two weak pulses would not be 
qualified. Because of the small time constant, the 
LEVEL voltage varies very rapidly with the instanta- 
neous input signal. The qualification threshold drops 
very quickly. As a result, any weak pulses are qualified. 
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VIN± 



V @ LEVEL 



RDIO 



PHOTO 4.1.1 : Qualification threshold at 50%; 0.033 jiF from LEVEL to VPA. Input ch anges from 100 
mVppd to 40 mVppd. Large qual threshold time constant » Missing RDIO pulses. 




VIN± 



V @ LEVEL 



RDIO 



PHOTO 4.1.2: Qualification threshold at 50%; 330 pF from LEVEL to VPA. Input chang es from 100 

mVppd to 40 mVppd. Proper qual threshold time constant » All RDIO pulses present. 
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4.0 READ MODE EVALUATION (continued) 

4.1 PULSE DETECTOR FUNCTION (continued) 

4.1.4 Pulse Detector I/O & Test Points 

An excellent troubleshooting aid is to know the inputs, 
the outputs and the available test points. For the pulse 
detector portion, this is a list of the related pins: 

• VIA± 

Differential analog input to the AGC amplifier: 
The input should be ac-coupled from the source. 
The input amplitude should be limited to be- 
tween 20 mVppd to 240 mVppd when no boost 
is applied at the filter. When boost is applied, the 
input amplitude should be lowered, as not to 
exceed the dynamic range of the AGC amplifier 
and the filter. The DC bias voltage is approxi- 
mately 3.5V. 

• VOA± 

Differential analog output of the AGC amplifier: 
The output should be ac-coupled to the the filter 
input. In a closed AGC loop, its amplitude de- 
pends on the filter cutoff and boost setting. The 
DC bias voltage is approximately 3.5V. 

•BYP 

AGC amplifier gain control pin: The input voltage 
controls the AGC amplifier gain. An integrating 
capacitor should be connected from the BYP pin 
to VPG. This voltage should be between 2V to 
a5V. 

• HOLD 

TTL logic input: When HOLD = , the A GC 
amplif ier gain is held constant. When HOLD = 1 , 
or left open, the AGC loop is active. 

• IN± 

Differential analog input of the filter: The DC bias 
voltage is approximately 3.5V. The VOA± should 
be ac-coupled to this input. 



• ON± 

Differential normal low pass filter output: This 
output should be ac-coupled to the DP/DN input. 
It is simply the filtered version of the IN±. In a 
closed AGC loop, it should be ~ 1 Vppd. The filter 
has a nominal gain of 2.0V/V in the passband. 
However, the gain can be higher at frequency 
where boost is applied. The DC bias voltage is 
approximately 2.3V. 

• OD± 

Differential differentiated low pass filter output: 
This output should be ac-coupled to the CP/CN 
input. It is the bandlimited time differentiated 
version of the IN±. Every peak (positive or nega- 
tive) is translated into a zero crossing. Its ampli- 
tude is frequency dependent. The DC bias volt- 
age is approximately 2.3V. 

• DP/DN 

Differential input to the pulse qualifier: The ON± 
should b e ac-coupled to this input. The DC bias 
voltage is approximately 3.6V. 

• CP/CN 

Differential input to the time qualifier: The OD± 
should be ac-coupled to this input. The DC bias 
voltage is approximately 3.6V. 

• PPOL 

Pulse polarity indicator: This is an optional TTL 
output indicating the polarity of the input pulse. A 
positive qualified pulse puts a logic '1' at the 
PPOL output. A negative qualified pulse puts a 
logic '0' at the PPOL output. This output is 
enabled when RG = WG = 0. 

• MTP1-3 

Open emitter output test points: These test points 
are governed by the following logic control. 
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Control A Reg 
D5 


D6 


MTP1 


MTP2 


MTP3 





X 


1 


1 


1 


1 


X 


1* 


r 


1* 








VCO REF 


DS-IN 


DS REF 





1 


VCO REF 


DS-IN 


MCTR 


1 





RD 


DOUT 


COUT 


1 


1 


SET 


RESET 


COUT 



= reference input to the data synchronizer phase detector, VCO REF = VCO - 2 
= input to data synchronizer 

in read mode, this is the delayed read data 

in non-read mode, this is the output of the time base generator 2 
= reference frequency to the data separator, i.e. time base generator output (Active only 

in idle mode) 

= time base VCO divided down signal, an input to the time base phase detector 

= read data output of the pulse detector, i.e. input to the 1/3 cell delay 

= output of the data comparator in hysteresis qualification 

= output of the clock comparator in hysteresis qualification 

= output of the positive threshold comparator in window threshold qualification 

= output of the negative threshold comparator in window threshold qualification 

= logic 1 

= logic 1 , but with slightly higher power dissipation 



Control B Reg 
D6 



1 
1 
1 
1 



VCO REF 
DS-IN 



DS REF 

MCTR 
RD 

DOUT 

COUT 

SET 

RESET 

1 

1* 



• RDIO 

Read data I/O pin: This is a bi-directional TTL 
comp atible pin. When Control B Register D2 = 
1 , the RDIO is an input pinforthe data sep arator. 
When the Control B Register D2 = 0, the RDIO 
is an output pin. When this pin is configu red as 
an output pin and both RG = WG = 0, the RDIO 
represents the pulse detector read data output. 
A pulse is generated for every q ualified peak. 
With either RG or WG being 1 , the RDIO is held 
at static 1 . 



• DACOUT 

Multiplexed DAC output: When Window Shift 
Register : D7-6 = 01 , DACOUT represents the 
qualification threshold setting DAC output. The 
qualification threshold voltage can be estimated 
to be about TBD. 
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4.0 READ MODE EVALUATION (continued) 

4.2 PROGRAMMABLE FILTER 
CHARACTERISTICS 

The SSI 32P4730/31 features a on-chip program- 
mable 7-pole 0.05° phase equiripple low pass filter / 
equalizer. This filter serves three functions: (1) noise 
limiting low pass filter of the read data signal, (2) time 
differentiating the read data signal for signal peak 
location, and (3) high frequency boost for pulse slim- 
ming equalization. The cutoff frequency, to be defined 
below, is programmable from 3 MHz to 9 MHz. The 
boost function can be programmed up to 13 dB. Both 
functions are controlled by command registers pro- 
grammable via the serial interface. 

The cutoff frequency, /c, is defined to be the -3dB 
bandwidth with no boost. When finite boost is applied, 

TABLE 4.2.1: Filter Bandwidth Increase vs Boost 



the effective -3 dB bandwidth is higher than the cutoff 
frequency. Table 4.2.1 lists the bandwidth increase vs 
the applied boost. 

The high frequency boost is defined to be the amount 
of magnitude rise at the cutoff frequency, relative to the 
original -3 dB point. A 1 3 dB boost would mean a 1 dB 
peaking above the passband. 

Figure 4.2.1 shows the normalized transfer function of 
the programmable filter. As a 0.05° phase equiripple 
filter, the group delay variation is minimal within the 
passband and up to ~ 2 x /c. One fact not denoted in 
the transfer function diagram is that the DIFF± output 
is delayed by 1 .2 ns relative to the NORM±. This is to 
ensure sufficient data setup time for a flip-flop in the 
pulse qualifier. 

An 1% 12.1 kQ, resistor and a 0.01 uFare needed from 
the RX pin to ground for filter biasing. 



Boost (dB) 


New -3dB Bandwidth / 
Cutoff Frequency 


Boost (dB) 


New -3dB Bandwidth / 
Cutoff Frequency 





1.00 


7 


2.42 


1 


1.21 


8 


2.51 


2 


1.50 


9 


2.59 


3 


1.80 


10 


2.66 


4 


2.04 


11 


2.73 


5 


2.20 


12 


2.80 


6 


2.32 


13 


2.86 



^ 1.31703 __J>/^\-> 2.95139 

S 2 + 1.68495 S+ 1.31703 \|L/^ S 2 + 1.54203 s + ; 



BIQUAD 2 


+> 


-Ks2 


S 2 + 1.68495 S+ 1.31703 


K 



5.37034 

S 2 + 1.14558 s + 5.37034 



0.86133 


► 


s + 0.86133 






S 




s + 0.86133 





Denormalize the frequency by substituting s => (s/2 n f c ) 
e.g. / c = 8.0 MHz, s =» s/[2 n (8 x 10 )] 6 



FIGURE 4.2.1 : Programmable Filter Normalized Transfer Function 

AN = 1 .17 and AD = 1 .51 for unity gain (0 dB) at 0.67 fc 
K varies from to 4.57 for boost up to 13 dB 
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4.2.1 Cutoff Control 

For optimized signal-to-noise performance in a zoned 
recording application, the SSI 32P4730/3471 provides 
a programmable low pass filter. The filter cutoff fre- 
quency is programmable from 3 MHz to 9 MHz by the 
Fc DAC, an on-chip 7-bit DAC. In any non-servo mode, 
i.e. SG = 0, the Fc DAC is controlled by the Data Mode 
Cutoff Register. In the Servo mode, i.e. SG = 1 , the Fc 
DAC is controlled by the Servo Mode Cutoff Register. 
This allows immediate bandwidth adjustment switch- 
ing between data Read and Servo modes. 

The filter cutoff frequency is determined as: 
fc (MHz) = 9 • Code / 127. In general, the cutoff 
frequency should be set to about the maximum signal 
frequency at the given data rate. However, the user 
should optimize the filter cutoff setting for a given head/ 
media system combination. 

4.2.2 Boost Control 

For pulse slimming application, the programmable 
filter allows high frequency boost equalization. The 
filter boost is programmable from to 13 dB by the Fb 
DAC, an on-chip 7-bit DAC. The Fb DAC is controlled 
by the lower 7 bits of the Filter Boost Register. In the 
Servo mode, i.e. SG = 1, the boost can be enabled / 
disabled by the MSB of this control register. 

The f ilter boost is set as: 

Boost (dB) = 20 log [(0.0273 • Code) + 1]. This boost 
setting should be optimized for lowest bit error rate for 
a given head/media system combination. 



4.2.3 Programmable Filter I/O & Test Points 

In troubleshooting the programmable filter, the follow- 
ing I/O and test points should be examined: 

• IN± 

Differential analog input of the f ilter: The DC bias 
voltage is approximately 3.5V. The AGC ampli- 
fier output, VOA±, should be ac-coupled to this 
input. 

• ON± 

Differential normal low pass filter output: This 
output should be ac-coupled to the DP/DN input. 
It is simply the filtered version of the IN±. In a 
closed AGC loop, it should be - 1 Vppd. The filter 
has a nominal gain of 2.0V/V in the passband. 
However, the gain can be higher at frequency 
where boost is applied. The DC bias voltage is 
approximately 2.3V. 

• OD± 

Differential differentiated low pass filter output: 
This output should be ac-coupled to the CP/CN 
input. It is the bandlimited time differentiated 
version of the IN±. Every peak (positive or nega- 
tive) is translated into a zero crossing. Its ampli- 
tude is frequency dependent. The DC bias volt- 
age is approximately 2.3V. 

• RX 

Reference resistor pin: An external 1% 12.1 kQ 
resistor should be connected from this pin to 
ground. The voltage at this pin is proportional to 
absolute temperature. At room temperature 
ambient, this voltage is typically measured to be 
700 mV. 

• DACOUT 

Multiplexed DAC output: When Window Shift 
Register : D7-6 = 00, DACOUT = Fc DAC. 
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4.0 READ MODE EVALUATION (continued) 

4.3 TIME BASE GENERATOR FUNCTIONALITY 

The SSI 32P4730/4731 includes the time base genera- 
tor to support the variable data rate in a zoned record- 
ing application. The data separator VCO requires a 3X 
data rate reference frequency (not to confuse with 
FREF, which is reference to the time base generator). 
Thus, for 24 Mbit/s operation, a 72 MHz reference is 
needed to the data separator. The time base generator 
provides such a stable reference frequency. 

The SSI 32P4730/4731 time base generator is a phase 
locked loop based frequency synthesizer, Figure4.3.1 . 
If Control A Register : D4 = 0, the time base generator 
output, Fout, is made programmable by loading two 
divide-down factors achieving better than 1% resolu- 
tion upto75MHz. If the Control B Register : D4 = 1,the 
frequency synthesizer is bypassed. The time base 
generator output is at the same frequency as FREF. 
FREF should be limited between 8 MHz to 20 MHz. 

In the frequency synthesizer active mode, Fout = FREF 
• [(M + 1 ) / (N + 1 )]. The N factor is a 7-bit code in the 
N Counter Register. The M factor is a 8-bit code in the 
M Counter Register. How do you determine the optimal 
N and M codes? The principle is to meet the frequency 
resolution requirement and to achieve the highest 
update rate for the phase detector. Figure 4.3.2 illus- 
trates a flow chart to determine the M and N codes. 

The M and N counters can be programmed anytime. 
However, they only become eff ective after a Data Rate 
Register programming. This is to reduce any transient 
condition for the phase locked loop in new data rate 
programming. 



An external differential passive loop filter is need in the 
phase locked loop. This loop filter design allows design 
trade off between PLL settling time vs noise jitter 
performance. The differential architecture minimizes 
external noise pickup. The loop filter design details are 
presented in the next section. 

4.3.2 Time Base Generator Loop Filter Design 

The SSI 32P4730/4731 requires a loop filter to control 
the PLL locking characteristics. While there are several 
types of filters that can be usedto performthis function, 
a simple differential integrating filter, Figure 4.3.1 , has 
proven to be very effective. 

In designing the loop filter for the TBG PLL, two key 
considerations should be noted: 

• PLL settling time 

In zoned recording application, the TBG output 
frequency must vary with data rate changes from 
one zone to another. When the M Counter Reg- 
ister is updated, the PLL would acquire and 
settle to the correct output frequency. This set- 
tling time should be less than the minimum track- 
to-track seek time. 

• C1 capacitor must have low leakage. 

Typically, C1 should be selected to be less than 
1 .0 uF. 

The loop filter bandwidth .must be large enough for the 
PLL to settle fast. Yet, the time jitter performance is 
improved by a lower f ilter bandwidth. Thus, the band- 
width should only be large enough to meet the PLL 
settling time requirement. 
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FREF 

— g — 



••(N + 1) 



TFLT 



PHASE 
DETECTOR 



C2 



TFTT 



SSI 32P4730/4731 



vco 



FOUTTO 

DATA SEPARATOR 



FIGURE 4.3.1 : Time Base Generator Functional Model 




FIGURE 4.3.2: M & N Codes for Time Base Generator 



14-79 



SSI 32P4730/4731 

Single-Chip Read Channel Device 




4.0 READ MODE EVALUATION (continued) 

4.3 TIME BASE GENERATOR FUNCTIONALITY (continued) 

Figure 4.3.1 shows the functional model diagram. C2 is typically designed to be only one-tenth of C1 , for high 
frequency noise shunt purpose. It may be neglected in the R1 and C1 design consideration. From second-order 
linear analysis, the loop response can be shown to be: 

i 0Ut = KD.(e r e ) 



Vvco = 'out • F (s) 
KVCO-Vyco 1 



0, 



On 



KD = Phase Detector Gain 
9| = Reference input phase 
9 = VCO output phase 

F(s) = Loop Filter Transfer Function 



KVCO = VCO Gain 



(M + 1) s 
KVCO-KD-F(s) 



9j s + KVCO-KD-F(s)/(M + 1) 

KVCO- KD • (1 + s RAJ/fC^M + 1 )] 



F(s) = R 1 + 



sCi 



s 2 + sKVCO-KD-- 



Ri 



KVCO-KD 

(M + 1) C^M + 1) 

Let the characteristic equation be written as: 

M 2 



X(s) = s 2 + 2sCco n + co n 2 



KVCO-KD 

C^M + 1) 



KVCO-KD-R 



2(M + 1)co n 



The damping factor of 1 .0 is employed thereby allowing the damping factor to drop as the frequency drops. 

The acquisition time of the loop is set-up to accommodate a zero phase restart and allow for 1 % maximum phase 
error after acquisition. 

Refer to Figure 3 in Data Synchronizer Family Applications Notes in 1992 Data Book. 

co n T = 5.2 

where T = settling time 

From data sheet, KVCO = 0.17 <a^rad/(V-sec), co V co = 2 x tc x Fout 

KD = (0.6768 • DR-code + 3.4798) juA/rad; see latest specifications for 

accurate values 

Design Example: 

Assume a Data Rate of 24 MHz with a TBG reference FREF = 12 MHz 
Choose N = 1 4 and M - 89 for an FOUT of 72 MHz 
NOTE: The choice of N will decide the size of Capacitor Cj 

KVCO = 76.9 Mrad / (V-sec) 
KD = 76.5uA/rad 

Max settling time = 0.5 ms » coy = 1 0.4 Krad / sec 



C 1 =0.91 uF 


Ri = 212Q 


C 2 = 0.091 jiF 
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In the following table, R C1 and C2 were chosen based on the maximum data rate. Wn and Psi are then re- 
calculated based on other data rate requirements and calculated loop filter component values. 



Zone 


Data Rate 


N 


M 


KD 


KVCO 


T 


Wn 


Psi 





24 


14 


59 


76.5 


76.5 


0.5 


10.4 


1.0 


1 


20 


14 


49 


63.0 


64.1 


0.55 


9.4 


0.90 


2 


16 


14 


39 


50.2 


51.2 


0.62 


8.4 


0.81 



4.3.2 Time Base Generator Jitter Performance 

Jitter performance is an important figure of merit for a 
time base generator. For a single-chip read channel 
device, jitter can degrade a drive system in two areas: 
(1) noisy reference clock to the data separator, and (2) 
write data clock instability. Because the data separator 
is re-trained and re-locked to the read data pattern, the 
former is not as critical as the latter. 

One method to minimize the TBG output jitter is by 
limiting the TBG PLL loop filter bandwidth. However, the 
loop bandwidth must be wide enough to allow fast 
acquisition time. 

The SSI 32P4730/4731 features very low output jitter. 
Withthe proper loop filter design, the SSI 32P4730/4731 
rms jitter is specified as <1 30 ps. For design purposes, 
the time jitter six sigma would be + or - 400 ps. 

4.3.3 Time Base Generator I/O & Test Points 

The SSI 32P4730/4731 Time Base Generator has only 
one input and one test point. 

• FREF 

TTL frequency reference input: This input pro- 
vides a reference input to the TBG PLL. It should 
be limited to between 8 MHz to 20 MHz. When 
the TBG is bypassed, as commanded by Control 
A Register. D4, the data separator PLL refer- 
ence is that at the FREF input. 

• MTP3 

This test point can be configured to monitor the 
data separator PLL reference clock. 



4.4 DATA SEPARATOR FUNCTIONALITY 

The SSI 32P4730/4731 Data Separator performs the 
following functions: 

• Synchronization 

• RLL 1 ,7 encode & decode 

• Address mark generation & detection (for soft 
sector application) 

• Preamble generation & detection 

• Write pre-compensation 

• Window shift adjustment 

4.4.1 Synchronization 

For synchronization, the data separator has two objec- 
tives: 

• Clock regeneration 

• Encoded data syncrhonization 

4.4.1 .1 Clock Regeneration 

Because the data is coded with the clock signal, the 
clock must be regenerated for precise timing. For the 
SSI 32P4730/4731, the clock regeneration is accom- 
plished with a phase locked loop comprised of a phase 
detector, a loop filter and a voltage controlled oscillator 
(VCO). The VCO runs at 3X the NRZ data rate. For 
24 Mbit/s operation, the VCO should run at 72 MHz. 

In the Idle mode, i.e. RG = WG = SG = 0, the VCO is 
phase & frequency locked to the time base generator 
output, Fout, which can be either a frequency synthe- 
sized signal or FREF (see Section 4.3). With the TBG 
output at 3X the NRZ data rate, the VCO is centered for 
a subsequent read /write cycle. The RRC is at the NRZ 
data rate, which is Fout + 3. 
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4.0 READ MODE EVALUATION (continued) 

4.4 DATA SEPARATOR FUNCTIONALITY 

(continued) 

4.4.1 .1 Clock Regeneration (continued) 

Entering into the Read mode, i.e. RG 0-to-1 transition, 
the phase detector reference input switch es from the 
TBG output to the delayed read data, DRD. A preamble 
pattern of 1 9'3T ' is used for training the VCO to phase- 
lock to the DRD. 

To reduce the initial phase error, the SSI 32P47307 
4731 e mploy s a zero-phase restart technique which, 
after 3 DRD transi tions, halts the VCO momentarily 
until the 4th DRD transition is detected. The initial 
phase error is limited to below 2 ns of the decode 
window. For 24 Mbit/s operation, this represents ~ 7% 
error, or 0.45 radian. 

In addition to the zero-phase restart, the SSI 32P4730/ 
4731 also features phase detector gain shift, enabled 
by Control B Register : D1, to support fast phase 
acquisition. When phase detector gain shift is enabled, 
immediately following the read gate transition, the 
phase detector gain is3Xthe nominal Idle mode phase 



detector gain. The PLL bandwidth is effectively in- 
creased by a factor of V3. The gain shift remains active 
until after the first 14'3T patterns are detected. After 
the 14th '3T\ the phase detector gain returns to the 
nominal value for improved jitter performance. The 
VCO continues to be trained by the remaining pre- 
amble pattern. After the first 19 '3T' patterns are 
detected, an internal VCO lock signal is asserted. 

With the internal VCO lock asserted, the following two 
events are initiated: 

• The RRC is now switched from Fout + 3 to VCO +3. 
During this switching, the RRC may be held static for 
a maximum of 2 NRZ clock periods. However, the 
SSI32P4730/4731 guarantees no glitch on the RRC. 

• The data syncrhonizer decode window, to be defined 
in Section 4.4.1.2, boundaries are by the next two 
'3T pattern. 

When the phase detector gain shift is disabled, imme- 
diately following the read gate transition, the phase 
detector gain is 3X the nominal Idle mode phase 
detector gain. The PLL bandwidth is effectively in- 
creased by a factor of V3. The gain boost remains 
active throughout the read cycle. 



RG 



_r 



BED" 



Uncertain, but no 

Plitch; hand off from 
out to VCO 



To be defined, but 
no glitch; RRC 
aligning to DRD 



RRC riJ-LJiJTJTJxnj^ j 

vco iuimju^^ nnnnnri niuuuiruiiuuuuiiL nnnnnnnnnnnnnnnnn^ 



vco+2 rXJIJUrUULTLTL 
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U U Li 
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jijUL--.riJTJTJUuin riJTjmrinnrinn^ 
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IT" 



IS" 



1 1 



U "U U IT 

001 001 001 001 



t t ] I 

3 Transitions 

• Stops VCO 

• Engage PD gain 

boost if enabled 



4th Transition - 
• Restarts VCO 



14th Transition 
• Disengage PD gain 
boost if enabled 



19th Transition ^ 
• VCO Lock declared 

- RRC source switches from 
Fout to VCO 

- Align data synchronization 
window 



■ Bit sync guaranteed by 
the 22nd transition 



FIGURE 4.4.1: SSI 32P4730/4731 Regeneration Process 
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BED 



PHASE DETECTOR 
ENABLE 



VCO+2 



PUMP DOWN 




PHASE DETECTOR 
ENABLE . 




FIGURE 4.4.2: SSI 32P4730/4731 Data Separator Phase Detector Data Locking Mechanism 



Figure 4.4.1 illustrates the clock regeneration process. 

4.4.1.2 Data Separator PLL & 

Phase Decode Window 

In the Data Read mode, the VCO is l ocked to the DRD 
by phase comparing the VCO+2 and DRD. Each DRD 
pulse corresponds to a read data '1 '. Its width is one- 
half of the encoded bit period. Its leading edge enables 
the phase detector. Its trailing edge is phase compared 
to the rising edge of VCO+2. The VCO is then steered 
in the direction to correct the phase difference. After a 
phase comparison, the phas e dete ctor is disabled until 
the next leading edge of the DRD. 

An important concept in the working of data separator 
is the phase decode window. The phase decode win- 
dow is the time span between two consecutive falling 



edges of the VCO+2. In a locked condition, when the 
phase detector is enabled at the beginning of a phase 
decode window, the phase d ecode window is said to be 
perfectly centered. Should a DRD bit sh ift by up to half 
of VCO+2 period in either direction, this DRD bit would 
still be phase compared with the p roper VCO+2 rising 
edge, Figure 4.4.3a. If the DRD pulse width is not 
matched to half of VC O+2 p eriod, the tolerance on bit 
shift is reduced. The DRD bit would be phase com- 
pared to the wrong VCO+2 rising edge. Thus, a phase 
decode error would occur. It should be noted that a 
phase decode error would cause a transient distur- 
bance on the VCO control voltage. 

The SSI 32P 4730/ 4731 features excellent matching 
between the DRD pulse width and the VCO period. 
Figure 4.4.4 shows some test data taken on this 
device. 
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ERE 



no shift shifted up to shifted 2 

half phase window half phase window 

| | , | | , | | , | 

{ } / 



PHASE DETECTOR 
ENABLE ■ 



PUMP UP . 




ERE 



bit compared 
with the correct 
VCO+2 edge 



PHASE DETECTOR 
ENABLE 



PUMP DOWN 



(a) CHE Pulse Width Matched to 0.5 VCO+2 Period 
Bit Shift up to 0.5 Phase Decode Window 
can be compared to the correct VCO+2 edge. 



a shift shifted - half 

phase window 




(b) ERE Pulse Width Longer than 0.5 VCO+2 Period 
Bit Shift up tolerance is reduc ed before 
compared with the wrong VCO+2 edge. 



FIGURE 4.4.3: SSI 32P4730/4731 Data Separator Phase Decode Window 

Asymmetry causes bit shift tolerance reduction. 
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FIGURE 4.4.4: SSI 32P4730/4731 1/3 Delay Cell & VCO Period Matching 
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4.0 READ MODE EVALUATION (continued) 4.5 DATA SEPARATOR LOOP FILTER DESIGN 



4.4 DATA SEPARATOR FUNCTIONALITY ( 

continued) 

4.4.1.3 Encoded Data Synchronization 

With the clock extracted from the read data, the SSI 
32P4730/4731 re-synchronizesthe encoded data prior 
to the 1,7 Decoder. Figure 4.4.5 illustrates the timing 
function of the synchronization. 

4.4.1.4 Data Separator PLL I/O & Test Points 

The following I/O & test points are helpful in trouble- 
shooting the data separator PLL: 

• MTP1 

Open emitter output test point: it can be config- 
ured to monitor the VCO+2 reference to the 
phase detector. See Section 4.1 .4. 

• MTP2 

Open emitter output test point: it can be config- 
ured to monitor the DRD input to the phase 
detector. See Section 4.1 .4. 

• MTP3 

Open emitter output test point: it can be config- 
ured to monitor the reference frequency to the 
data separator PLL in the idle mode. See Section 
4.1 A 

• DFLT&DFLT 

Differential VCO control pins: a differential loop 
filter is connected across these two pins. The 
common mode voltage at these two pins should 
be near 2.0V. 

• RRC 

TTL read reference clock output: the RRC 
frequency should be at the NRZ data rate. 



The SSI 32P4730/4731 data separator PLL requires a 
differential external loop filter. Again, the same inte- 
grating loop filter topology as for the Time Base Gen- 
erator can be used. The loop filter bandwidth must be 
sufficient large for minimal phase error at the end of the 
VCO training pattern. However, the narrow bandwidth 
is desirable for noise' & jitter rejection. 

The SSI 32P4730/4731 features a high phase detector 
gain boost for fast phase acquisition, and yet narrower 
bandwidth in normal data read operation. While enter- 
ing the read mode, the data separator PLL utilizes a 
zero-phase restart technique to m inimiz e the initial 
phase error between the VCO & the DRD pulses. The 
initial phase error is 2 ns. For 24 Mbit/s operation, this 
corresponds to 0.45 rad phase error. The data se para- 
tor PLL has 1 6 '3T pattern period to lock onto the DRD 
pulses. Depending on system parameters, such as 
jitter expectation from the head / media combination, 
the user must decide the maximum acceptable final 
phase error at the end of the training sequence. The 
following presents a design example, with the phase 
detector gain shift disabled. 



DRD - 
VCO*2- 



D Q 



• RE-SYNCHRONIZED 
ENCODED DATA 



DRD 



FLIP FLOP INPUT 
VCO-H2 



RE-SYNCED 
ENCODED DATA 




FIGURE 4.4.5: Data Resychrnoziation Timing 
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4.0 READ MODE EVALUATION (continued) 

4.5 DATA SEPARATOR LOOP FILTER DESIGN (continued) 

4.5.1 Phase Detector Gain Shift Disabled 

Assume max DR = 24 Mbit/s Encode Bit Period = t-= — J. ... , = 27.78 ns 

1 .5 x 24 MHz 

Sixteen '3T' pattern implies training time T= 16 • 3 • 27.78 ns = 1.33 us 

Let Z be the damping factor. It is set to 1 .0 to allow a drop as the data rate increases. 
Let the final phase error be less than 1% of maximum phase error. 

From SSi 1992 Storage Data Book, page 4-21 1 , Figure 2, co n T = 2.6 
Thus, co n = 3.91 Mrad/s 

It was shown in Section 6.6.1 

2 = KVCO-KD KVCO»KD'R 1 
0)0 3Ci " 2-3-co n 

From data sheet, KVCO =0.17 GW2 = 0.1 7 • n • 72 = 38.5 Mrad/(V-sec) 

KD = (2.0304 -DR-code + 10.4394 = 229.7 fiA/rad; see latest specifications for 
DRCode = 108 for 24 Mbit/s accurate values 



=192 pF 


R-i = 2675ft 


C 2 = 19 pF 





In the following table, R C1 and C2 were chosen based on the maximum data rate. Wn and Psi are then re- 
calculated based on other data rate requirements and calculated loop filter component values. 



Zone 


Data Rate 


KD 


KVCO 


T 


Wn 


Psi 





24 


229.7 


38.5 


1.33 


3.9 


1.0 


1 


20 


189.1 


32 


1.61 


3.23 


0.828 


2 


16 


150.5 


25.6 


202 


2.58 


0.66 
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4.6 1 ,7 RLL DECODE FUNCTION 

The SSI 32P4730/4731 supports the 1 ,7 RLL encode & 
decode function. In the read mode, the encoded data 
from the read/write preamplifier is AGC amplified, pulse 
qualified, clock extracted and re-synchronized. The 
encoded data is then decoded back into the NRZ 
domain. 

Because every three encoded bits are decoded into two 
NRZ bits, the leading bit of the three-bit frame must be 
defined. This is the bit synchronization. When the RG is 
asserted, nineteen 3T patterns must be detected prior to 
the internal VCO lock is asserted. After the internal VCO 
lock is asserted, the SSI 32P4730/4731 searches for 
three consecutive 3T patterns for bit synchronization. 



The bit immediately following the last '1 ' bit of the three 
3T patterns is defined as the leading bit of a three-bit 
frame. The decode function follows Table 4.6.1 . 

The decoded NRZ data appears at the NRZOUT pin. A 
valid NRZ data bit is clocked out by a RRC falling edge. 
The controller should receive the NRZ data bit by RRC 
rising edge. The NRZOUT bit is guranteed to be present 
at least 13 ns beforeThe RRC rising edge, and at least 
13 ns after the same RRC rising edge. 

In non-read mode, i.e. RG=0, the NRZOUT is atri-state 
high impedance pin. Withthe RG asserted, the NRZOUT 
is an output pin. Refer to the electrical specification for 
the delay time limits. 



PREVIOUS PRESENT NEXT 

ENCODED BIT X Y2 )f~Y3"~X Y1 X~V2 X Y3 X Y1 )T^2~~"Y 

NRZ BIT X p 1 X 



FIGURE 14: Definition of Y1-3 & D1-2 for Decode Table 
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the six consecutiv e O's a gain. If the nine consecutive O's 
are detected, the AMD output is pulled to logic '0' until 
the AMEN B is released. The RG should be asserted 
after AMD is pulled low. Figure 4.7.1 illustrates a timing 
example in the soft sector read mode. 

4.8 WINDOW SHIFT FUNCTION 

The SSI 32P4730/4731 allows the user to perform 
window margin testing with the window shift function. If 
the synchronization window is well centered without 
loss, the window can be theorectically shifted up to 
50% in each direction. The window shift function is 
acc omplis hed via a digital delay circuit which can delay 
the DRD with respect to the VCO-s-2, or vice versa. 
Figure 4.8.1 illustrates the window shift function. 

By programming the Window Shift Register, the syn- 
chronization window can be shifted up to 1 5% in either 
direction. The lower 4 bits, D3..D0, sets the amount of 
window shift. D4 determines the window shift direction. 
D5 enables the window shift function. 
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Address Mark 


Preamble 


Sync 


DATA 



4.0 READ MODE EVALUATION (continued) 
4.7 ADDRESS MARK DETECT FUNCTION 

The SSI 32P4730/4731 can support both hard sector 
and soft sector operations. 

In hard sect or ope ration, the AMENB pin is held to logic 
'0' and the AMD output is in tri-state high impedance 
mode. The read cylce is initiated with the RG assertion. 
No address mark detection is necessary. 

In soft sector operation, the address mark must be 
detected before the RG is asserted to continue a read 
cycle. With the AMENB asserted to logic T, the SSI 
32P4730/4731 initiates the address mark search. An 
address mark pattern should consist of two 8T patterns 
followed by two 1 21 patterns. The address mark detect 
circuitry searches for six consecutive O's followed by 
nine consecutive O's. After the. six consecutive O's are 
detected, the nine-0 pattern must be detected within five 
encoded '1' bits are detected. If no nine consecutive 
pattern is detected before the fifth encoded T bit is 
detected, the address mark search resets and looks for 



AMENB 



amp tri - state r 



RG 



7 



tri-state 



FIGURE 4.7.1 : Read Mode Soft Sector Timing 
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Window Shifted Late 
Window Shifted Late Bit Shifted Early 



FLIP FLOP 




ENCODED DATA I 

(a) WINDOW SHIFTED LATE 



Window Shifted Early 
1 I o 



Window Shifted Early 
Bit Shifted Late 



DRD 



FLIP FLOP INPUT 



VCO+2 



RE-SYNCED 
ENCODED DATA 




(b) WINDOW SHIFTED EARLY 



FIGURE 4.8.1 : Window Shift Function Illustration 
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5.0 SERVO MODE EVALUATION 

The SSI 32P4730 and 32P4731 both support 4 burst 
servo capture function. Four internal peak capture 10 
pF capacitors are used to sample the 4 servo bursts. 
While all other functions are identical between the two 
devices, the two devices offer different servo capture 
schemes. 

For both the P4730 and the P4731 , the servo mode is 
initiated by asserting the servo gate. With a 0-to-1 SG 
transition, the following events occur: 

• the AGC control enters the fast decay (gain 
increase) for 1.0 jos, 

• the programmable filter cutoff freqeuncy is set 
according to the Servo Mode Cutoff Register, 

• the programmable filter boost is enabled / dis- 
abled according to the MSB of the Filter Boost 
Register, 

• the pulse qualification method and percentage 
are set according to the Servo Threshold Regis- 
ter, 

• the qualification threshold time constant is 
switched to the RTS pin, and 

• the AGC functions will regulate the DP/DN signal 
to the prescribed level according to the Servo 
AGC Level Register. 

Because the servo signal and the data rate signal are 
typically of different frequency, the filter bandwidth can 
be set independent from the data mode. Likewise, the 
boost function can be enabled or disabled. The pulse 
qualification percentage, method and time constant 
are also set independent from the Data mode. 

Immediately following the SG 0-to-1 transition, the 
device enters the fast decay mode for 1 .0 us. A servo 
preamble pattern is expected to allow the AGC to 
regulate the DP/DN signal level, which is program- 
mable from 0.77 Vp pd to 1 .0 Vppd via the Servo AGC 
Level Register. The HOLD should be pulled to logic '0' 
after the servo AGC preamble. 

The control sequence after the servo preamble pattern 
differs between the 32P4730 and 32P4731 . 



5.1 SSI 32P4730 SERVO 

The SSI 32P4730 features A+B, A-B and C-D servo 
outputs . Other input controls for the Servo mode in- 
clude RESET, LATCH0, LATCH 1, STROBE and 
reference input (SREF). 

The RESET input, when pulled to logic '0', the four 
internal peak capture capacitors are discharged and 
reset. All outputs are expected to be at the voltage as 
the SRE F, which should be between 1 .0V to 3.0V. The 
RESET input can be active without SG activated. 

Each burst channel is designated by LATCH 1 and 
LATCH0 as following: 

• LATCH 1 , LATCH0 = 0, Burst Channel A 



LATCH 1, LATCH0 = 0, 1 
LATCH1, LATCH0 = 1,0 
LATCH 1, LATCH0 = 1 , 1 



Burst Channel B 
Burst Channel C 
Burst Channel D 



The amplified, filtered and full-wave rectified servo 
signal is peak captured onto an internal hold capacitor, 
designated by LATCH 1 and LATCH0, when STROBE 
= T. When STROBE = '0', the full-wave rectified output 
is disconnected from all internal hold capacitors. It is 
recommended that STROBE returns to '0' before 
LATCH 1/0 change state for next burst channel. 

The voltage gain from the DP/DN to the internal hold 
capacitors is 1 .0 Vop/Vppd. For example, a 0.4 Vppd 
DP/DN signal yields 0.4V (relative to a given reference 
bias). The P4730 outputs are defined as: 

• A + B = DP/DN @ Burst A + DP/DN @ Burst B + SREF 

• A - B = DP/DN @ Burst A - DP/DN @ Burst B + SREF 

• C - D = DP/DN @ Burst C - DP/DN @ Burst D + SREF 
All DP/DN voltages are peak-to-peak differential. 
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Servo AGC 
Preamble 


Grey Code 


A 


B 


C 


D 



SG _Ti 

1 (IS- 

Fast Decay 



HOLD 

RESET 
LATCH 1 . 
LATCHO . 
STROBE . 



j — i r 



n_nr~Lr~L. 



FIGURE 5.1.1 : SSI 32P4730 Servo Control Sequence 



5.2 SSI 32P4731 SERVO 

The SSI 32P4731 features individual servo burst out- 
puts: Bursts A, B, C a nd D. Ot her input controls for the 
servo mode include RESET, STROBE. A reference 
output voltage is available, MAXREF, which should be 
always higher than the maximum possible Bursts A, B, 
C and D voltage when DP/DN = 1 Vppd. 

The RESET input, when pulled to logic '0', the four 
internal peak capture capacitors are discharged and 
reset. A ll outputs are expected to be at 0.5V. The 
RESET input can be active without SG activated. 

There is no bu rst chan nel address bit needed for 
P4731 . With the RESET pulled to logic 0, the internal 
counter is pre-set for Burst Channel A. With the first 
falling edge on the STROBE input, the counter is 
advanced to Burst Channel B. Another falling edge 
advances the counter to Burst Channel C. Another 
falling edge advances the counterto Burst Channel D. 

The amplified, filtered and full-wave rectified servo 
signal is peak captured onto an internal hold capacitor 
when STROBE = T. When STROBE = '0\ the full- 
wave rectified output is disconnected from all internal 
hold capacitors. 



The voltage gain from the DP/DN to the Bursts A, B, C 
and D outputs is 2.25 Vop/Vppd. For example, a 0.4 
Vppd DP/DN signal yields 0.9V (relative to a given 
reference bias). The 32P4731 burst output is: 

• Burst X = DP/DN @ Burst X • 2.25 + 0.5 V 

The DP/DN voltage is peak-to-peak differential. 

5.3 SERVO DIGITAL OUTPUTS 

To support the servo tim ing, the SSI 32P4730/31 have 
two TTL digital outputs: RDIO and PPOL. 

RDIO 

This pin must be configured as an output for this utility. 
In the servo mode, a 1 ns pulse is generated for each 
qualified peak. This output is disabled, pulled to static 
'1 ', when either RG or WG is at logic 1 . 

PPOL 

When RG and WG are both logic 0, this output repre- 
sents the polarity of the peak being qualified. A logic 1 
indicates a positive peak. A logic indicates a negative 
peak. 
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SG 



_r 



1 ns- 
Fast Decay 
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RESET 



LATCH 1 

(internal, advanced by STROBE falling edge) 

LATCHO 



(internal, advanced by STROBE falling edge) 

STROBE 



U~~Lr~U~L_ 



FIGURE 5.2.1 : SSI 32P4731 Servo Control Sequence 



6.0 WRITE MODE EVALUATION 

In the write mode, the SSI 32P4730/4731 converts the 
NRZIN data into 1 ,7 RLL encoded data. Write mode is 
entered by asserting the write gate, WG, while the read 
gate, RG, is held to logic 0. In soft sector operation, the 
circuit generates an address mark and a preamble 
pattern. In hard sector operation, the circuit generates 
the preamble pattern without preceding address mark. 
The NRZIN data is clocked into the encoder at each 
WCLK rising edge. The encoded data appears at the 
WD output pin which feeds a write driver. The data 
separator PLL and the RRC are locked onto the time 
base generator output. 

The WD is an active low signal. When an encoded '1 ' bit 
is to be writte n, a low pulse of 0.67 encoded bit period 
occurs at the WD output. 

6.1 ADDRESS MARK GENERATION 

The address mark generation is only applicable to soft 
sector operation. One NRZ period after the WG 0-to-1 
transition, the AMENB is asserted for at least 1 NRZ 
period and at most 27 NRZ period. The address mark 
pattern of two 8T's followed by two 12T's is automati- 
cally generated. With the NRZIN input kept at logic '0', 



3T patterns are generated to follow the address mark 
pattern. From the WG0-to-1 transition, the NRZIN input 
should be kept at logic '0' for at least 65 (for hard sector, 
at least 38) NRZ periods to ensure the complete pre- 
amble & bit sync pattern is written. 

At the end of the NRZ data stream, at least five addi- 
tional NRZ bits are recommended before the WG re- 
turns to logic 0. 

6.2 WRITE PRECOMPENSATION FUNCTION 

The SSI 32P4730/31 supports a programmable write 
precompensation function, which can be enabled by 
Write Precomp Register. D3 = 1 . The device examines 
the bit pattern to determine the write precomp direction 
as governed in Table 6.2.1 . 

The 3 LSBs of the Write Precomp Register programs 
the amount of write precompensation as integral mul- 
tiple (up to 7X) of 4% of encoded bit period. For 
example, a precomp magnitude of 1 6% of the encoded 
bit period is given by setting Write Precomp Register : 
D2-0 = 011. 

The write precomp function is bypassed in the direct 
write mode, see Section 6.4. 
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TABLE 6.2.1: Write Precompensation Direction 



Bit Bit Bit Bit Bit 
N-2 N-1 N N+1 N+2 


Bit N Precomp 
Direction 


10 10 1 


None 


10 


None 


10 10 


Early 


10 1 


Late 



Late = Bit N is shifted toward Bit N+1 ; Early = Bit N is shifted toward Bit N-1 



WD 

with write precomp disabled 



\_t — v_y 



WD 

with write precomp enabled 



Early 



FIGURE 6.2.1 : Write Precomp Effect on WD 
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6.0 WRITE MODE EVALUATION (continued) 
6.3 1,7 RLL ENCODE FUNCTION 

The SSI 32P4730/31 converts the NRZIN data into 1 ,7 RLL encoded bits as given in the data sheet endode table. 



Previous i Present i Next 

X D2 r ~Dl X D2 r ~D1 X D2 

FIGURE 8.3.1 : Definition of Y1-3 & D1-2 in Encode Table 



The write data output, WD, is synchronized to the 
internal synthesized clock which can be asynchronous 
relative to the WCLK input. In the bit stream of the NRZ 
input, every two NRZ bits are paired together and 
encoded into three 1 ,7 RLL code bits. The pairing of the 
NRZ bits can be one of two combinations which, for 
discussion purposes, are termed as odd-even pair and 



even-odd pair. The odd-even pair and the even-odd 
pair will be encoded into different 1 ,7 RLL code bits. 
However, in the decode process, both pairings will 
result in the same NRZ pattern with a possible extra 
leading '0' bit. While a controller will re-frame the NRZ 
data, this does not create any problem in a system 
application. 



Consider the following NRZ bit pattern: 0AD340 HE x = 00101011010011010000 

The two possible NRZ pairings are: 

odd-even pair - 00 10 10 11 01 00 11 01 00 

even-odd pair - 01 01 01 10 10 01 10 10 00 

The encoded bits are: 

odd-even pair - 010 010 010 100 001 010 100 001 001 

even-odd pair - 000 001 000 010 101 000 010 101 001 



6.4 DIRECT WRITE FUNCTION 

The SSI 32P4730/4731 supports the direct write func- 
tion by setting Control B Register : DO = 1 . In the direct 
write mode, the 1,7 RLL encoder and the write 
precompensation are bypassed in the write mode . The 
NRZIN data is buffered and appears at the WD. 



This is an abridged applications note for the SSI 
32P473014231 , a more detailed note is available upon 
request. Design notes and evaluation techniques are 
suggested when applicable. This note is intended to 
supplement the device specification. For updated de- 
vice parameter limits, the user is recommended to refer 
to the specification. 
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